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THE  PUBLIC  SERVICE  COMMISSION  OF  THE 
COMMONWEALTH  OF  PENNSYLVANIA 


WM.  D.  B.  AINEY,  Chairman, 
JOHN  S.  RILLING, 

WILLIAM  A.  MAGEE, 
MILTON  J.  BRECHT, 

JAMES  ALCORN, 

MICHAEL  J.  RYAN, 

Commissioners. 


A.  B.  MILLAR,  Secretary. 


E.  HERBERT  SNOW, 

Chief,  Bureau  of  Engineering. 


At  a meeting  of  The  Public  Service  Commission  of  the  Com- 
monwealth of  Pennsylvania  held  at  its  office  in  the  city  of  Har- 
risburg, Pennsylvania,  on  the  27th  day  of  February,  1917. 

GENERAL  ORDER  NO  13 

In  the  Matter  of  the  Regulation  of  the  Construction  of  the 
Crossing  of  the  Wires  of  a Public  Service  Company  over  or 
under  the  Facilities  of  another  Public  Service  Company. 

WHEREAS,  Under  the  provisions  of  Article  V,  Section  12  of 
the  Public  Service  Company  Law,  it  is  provided  that  no  cross- 
ing of  the  wires  of  a public  service  company  over  or  under  the 


(3) 


4 


facilities  of  another  public  service  company  shall  be  cons^^ructed 
without  the  approval  of  the  Commission  and  also  that  it  shall 
be  proper  for  the  Commission  by  general  rule  or  order  when- 
ever the  same  can  be  properly  regulated  by  suitable  general  rule 
to  prescribe  the  terms  and  conditions  under  which  said  crossing 
may  be  constructed,  operated,  maintained  or  protected  without 
the  particular  approval  of  the  Commission ; 

And  WHEREAS,  The  Commission  by  its  General  Order  No. 
11  and  its  Administrative  Ruling  No.  8,  has  heretofore  adopted 
certain  rules  and  regulations  governing  the  procedure  to  be  fol- 
lowed in  securing  the  approval  of  the  Commission  to  such  con- 
struction, and  whereas,  after  careful  investigation  the  Commis- 
sion is  convinced  that  the  construction  of  such  crossings  of  the 
wires  of  public  service  companies  over  or  under  the  facilities 
of  other  public  service  companies  can  be  regulated  by  general 
order  without  the  particular  approval  of  the  Commission  in  such 
a manner  as  to  provide  for  a construction  which  will  tend  to  pre- 
vent accidents  and  promote  the  safety  of  the  public. 

NOW,  to  wit,  February  27,  1917,  IT  IS  ORDERED,  That 
from  and  after  the  FIRST  day  of  June,  1917,  all  crossings  of 
the  wires  of  public  service  companies  over  or  under  the  facilities 
of  other  public  service  companies  shall  be  made  in  accordance 
with  the  SPECIFICATIONS  COVERING  THE  CONSTRUC- 
TION AT  CROSSINGS  OF  OVERHEAD  LINES  OF  PUB- 
LIC UTILITIES  hereto  attached. 

AND  IT  IS  FURTHER  ORDERED,  That  from  and  after 
said  first  day  of  June,  1917,  such  crossings  of  wires  over  or 
under  the  facilities  of  other  public  service  companies  may  be 
constructed  by  the  companies  lawfully  authorized  so  to  do  in 
accordance  with  said  specifications  without  the  particular  ap- 
proval of  this  Commission  on  condition  that  notice  of  said  con- 
struction specifying  the  particular  point  of  crossing  shall  be 
given  to  the  public  service  company  whose  facilities  are  to  be 
crossed  prior  to  the  beginning  of  the  construction  of  said  cross- 
ing. 

Protest  against  the  construction  of  any  such  crossing  may  be 
made  to  the  Commission  at  any  time  by  filing  formal  complaint 
which  shall  set  forth  the  reasons  which,  in  the  judgment  of  the 
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protestant,  show  that  the  crossing  should  not  be  constructed  in 
accordance  with  the  above  mentioned  specifications,  and  proof  of 
service  thereof  upon  the  company  constructing  the  crossing  shall 
be  filed  with  the  Commission  within  three  days  of  the  filing  of 
the  protest  with  the  Commission. 

7'his  order  supersedes  General  Order  No.  11  and  Administra- 
tive Ruling  No.  8 of  this  Commission  upon  the  same  subject  only 
in  so  far  as  said  General  Order  and  Ruling  relate  to  the  construc- 
tion above  ground  of  crossings  of  wires  over  the  facilities  of 
public  service  companies. 

By  the  Commission, 

WM.  D.  B.  AINEY,  Chairman. 
Attest;  A.  B.  MILLAR,  Secretary. 


Digitized  by  the  internet  Archive 

in  2017  with  funding  from  ' 

This  project  is  made  possibie  by  a grant  from  the  institute  of  Museum  and  Library  Services  as  administered  by  the  Pennsyivania  Department  of  Education  through  the  Office  of  Commonwealth  Libraries 


I 


https7/archive.org/details/generalordemo1300penn 


SPECIFICATIONS  COVERINC  THE  CONSTRUCTION 
AT  CROSSINGS  OF  OVERHEAD  LINES  OF 
PUBLIC  UTILITIES 


INTRODUCTION. 

These  specifications  were  prepared  at  the  request  of  The  Pub- 
lic Service  Commission  and  under  the  direction  of  its  Chief  En- 
gineer, F.  Herbert  Snow,  by  a Joint  Committee  representing  the 
different  classes  of  utilities  concerned.  Said  Joint  Committee 
consisted  of  Paul  Spencer  of  the  United  Gas  and  Improvement 
Company  of  Philadelphia  (Chairman),  R.  E.  Chetwood  of  the 
Vestern  Union  TeEgraph  Company,  Nathan  Hayward  of  the 
Bell  Telephone  Company  of  Pennsylvania,  D.  B.  Heilman  of  the 
Philadelphia  and  Reading  Railway  Company,  J.  S.  Jenks  of  the 
West  Penn  Traction  Company  of  Pittsburgh.  J.  F.  Skirrow  of 
the  Postal  Telegraph-Cable  Company,  Thomas  Sproule  of  the 
Philadelphia  Electric  Company,  R.  P.  Stevens  of  the  Mahoning 
and  Shenango  Railway  and  Light  Company  of  New  Castle, 
Joseph  F.  Stockwell  of  the  Keystone  Telephone  Company  of 
Philadelphia.  S.  M.  Veile  of  the  Pennsylvania  Railroad  Com- 
pany, G.  E.  W'endle  of  the  Lycoming  Edison  Company  of  Wil- 
liamsport and  J.  S.  Francis  of  the  Bell  Telephone  Company  of 
Pennsylvania  (SecretarvL 

In  explanation  of  the  specifications,  it  should  be  stated  that 
they  are  intended  to  cover  the  crossings  of  overhead  conductors 
of  any  utility  and  the  overhead  conductors  of  any  other  utilitv, 
or  the  tracks  and  right-of-way  of  railroads.  They  are,  as  far 
as  possible,  complete  for  all  types  of  conductors,  and  cover  def- 
initely the  general  requirements  at  the  points  of  crossing,  with- 
out stating  the  type  of  construction  in  such  specific  details  as  to 
limit  it  to  any  particular  method. 

While  the  paragraphs  are,  therefore,  necessarily  general,  and 
cover  conditions  and  not  details  of  construction,  they  are  be- 
lieved to  be  capable  of  definite  interpretations,  so  as  to  form  the 
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basis  pf  working  specifications  for  the  use  of  the  construction 
men  in  the  field. 

The  Specifications  are  divided  into  nine  (9)  Sections,  as  fol- 
lows : 

Section  I is  general,  covering  definitions  and  setting  forth 
classifications. 

Section  II  covers  the  construction  of  Power  Lines  up  to  5,000 
volts  when  crossing  Communication  Circuits,  and  Power  Lines 
up  to  7,500  I'olts  wlien  crossing  Power  Lines  of  other  Utilities. 
It  also  covers  the  crossing  of  Communication  Lines  over  other 
Communication  Lines.  The  various  paragraphs  in  this  Section 
require  standard  construction,  with  clearances  and  separations  as 
specified  so  as  to  guard  against  the  possibility  of  the  conductors 
of  any  circuit  coming  in  contact  with  each  other,  or  with  the 
conductors  of  another  line. 

Section  III  covers  the  construction  of  Power  Lines  of  over 
5,000  volts  where  crossing  over  Communication  Lines,  and  of 
Power  Lines  of  over  7,500  volts  wliere  crossing  over  Power 
Lines  of  other  Utilities. 

Section  IV  covers  “Collinear  Construction.”  By  “Collinear 
Construction”  is  meant  what  is  generally  known  as  “overbuild- 
ing” ; that  is,  the  construction  of  one  line  parallel  with  an  ex- 
isting line,  but  on  separate  supports,  and  so  placed  in  reference 
to  it  that  one  line  will  be  wholly  or  in  part  over  the  other.  Such 
construction  is  considered  to  be  undesirable,  as  it  is  difficult  to 
avoid  interference  between  the  two  lines.  In  Section  IV  it  is 
stated  that  such  construction  should,  so  far  as  practicable,  be 
avoided,  but  it  is  recognized  that  Under  certain  conditions  it  may 
be  necessary,  and  the  paragraphs  of  this  Section  have  been 
included  to  provide  for  safe  construction  when  it  may  be  ab- 
solutely necessary  to  build  such  lines. 

Attention  is  called  to  the  fact  that  the  various  paragraphs  in 
Section  IV  deal  only  with  the  questions  of  safety  of  construc- 
tion, and  that  there  are  other  difficulties  in  connection  with  Col- 
linear Construction,  or  with  parallel  construction  between  Power 
Lines  and  Communication  Lines,  which  have  to  do  with  induc- 
tive disturbances,  which  may  affect  the  service  of  utilities  operat- 
ing Communication  Circuits.  The  paragraphs  in  Section  IV  are 
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not  intended  to  include  the  construction  requirements  which 
might  be  necessary  to  remove  or  limit  such  disturbances.  The 
Committee  felt  that  the  question  of  inductive  interference  was 
beyond  the  scope  of  its  instructions,  as  inductive  effects  are  not 
generally  produced  by  ordinary  angle  crossings,  but  are  due  to 
parallelism.  For  the  protection  of  the  service  of  the  utility  owm- 
ing  the  Communication  Circuits,  it  may,  therefore,  in  certain 
cases  be  necessary  for  additional  methods  of  construction  than 
those  specified  to  be  employed  by  the  utilities  operating  the  Com- 
munication Circuits  and  the  Power  Circuits. 

Section  V covers  the  construction  of  Communication  Lines 
where  crossing  over  Railroads,  and  is  based  upon  the  Specifica- 
tions for  Wire  Crossings  adopted  by  the  Association  of  Railway 
Telegraph  Superintendents. 

Section  VI  covers  the  construction  of  Power  Lines  of  all 
voltages  where  crossing  over  Railroads.  Sections  VI  and  III 
are  practically  identical  in  their  provisions,  with  the  exception  of 
the  difference  in  voltage  limitations,  and  with  the  exception  that 
in  Section  VI  two  (2)  paragraphs  w'ere  added ; No.  607,  to 
cover  the  side  clearances  from  the  track  rails  of  the  Railroad, 
and  No,  608,  to  cover  the  vertical  clearances  above  the  tracks 
of  the  Railroad.  With  these  two  (2)  exceptions,  the  various 
paragraphs  in  Section  VI  are  identical  with  similar  paragraphs 
in  Section  III.  It  was  deemed  wise  to  repeat  these  paragraphs 
in  Section  VI,  so  as  to  make  the  Section  complete  by  itself  as 
applying  to  crossings  over  Railroads. 

Section  VII  covers  the  construction  of  Overhead  Lines  where 
crossing  under  Railroad  Bridges.  Its  various  paragraphs  speci- 
fy the  construction  to  be  used  w'here  such  lines  are  attached  to 
the  under  side  of  bridges.  Special  consideration  has  been  given 
to  the  necessity  of  providing  ample  clearance  between  conductors 
of  high  voltage  and  any  portion  of  the  bridge  or  its  abutments, 
so  that  there  will  be  sufficient  room  for  inspecting,  painting  and 
maintaining  the  bridge  structure. 

Section  VIII  covers  underground  construction  at  points  of 
crossing  with  Railroads.  Under  special  conditions,  due  to  in- 
terfering structures  or  lines  of  the  Railroad,  it  might  be  difficult 
to  construct  an  overhead  crossing  in  accordance  with  the  re- 
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quirements  of  Section  VI ; in  such  cases,  it  may  be  more  economi- 
cal, and  for  the  advantage  of  all  parties  in  interest,  to  use 
underground  cable  across  the  Railroad  Right-of-Way,  connect- 
ing this  cable  at  both  sides  of  the  right-of-way  with  the  overhead 
line  of  which  the  cable  crossing  would  form  a part.  Generally, 
such  construction  would  be  undesirable,  as  the  introduction  of 
a short  piece  of  underground  cable,  as  a section  of  a line  else- 
where built  as  an  open  wire  overhead  line,  will  increase  the 
chance  of  interruption  to,  or  impairment  of,  the  service  of  the 
utility  owning  the  line.  A section  of  underground  cable  in  an 
overhead  line  is  generally  a weak  point  from  the  standpoint  of 
service.  Such  construction  should,  therefore,  be  avoided,  but 
Section  VIII  is  included  in  the  Specifications  to  cover  such  con- 
struction where  necessary. 

The  Appendices  which  are  included  in  Section  IX  are  explana- 
tory of  the  various  paragraphs  in  the  different  Sections  to  which 
they  refer.  Some  of  these  Appendices  include  specifications  for 
materials,  which  are  the  generally  accepted  specifications  for  the 
material  covered.  The  various  tables,  such  as  the  tables  for 
sags  and  for  clearances,  have  been  worked  out  based  on  the 
requirements  of  the  paragraphs  which  cover  sags  and  clearances. 
They  are  included  for  the  purpose  of  reducing  the  amount  of 
calculation  that  would  be  required  by  any  one  applying  the 
various  paragraphs  of  the  Specifications  in  construction  work. 
The  sketches  included  in  the  Appendices  are  to  be  considered 
merely  as  suggestive,  and  as  illustrating  certain  methods  which 
can  be  used  to  meet  the  requirements  of  the  various  paragraphs 
to  which  they  refer.  They  should  not  be  considered  as  covering 
the  only  approved  methods  of  construction  to  be  used  in  such 
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Sec.  1. 


SECTION  I. 

GENERAL. 

SCOPE. 

101.  Scope.  These  specifications  cover  the  type  of  construc- 
tion to  be  installed  in  all  cases  where  the  overhead  lines  of  one 
utility  cross  over  or  under  the  overhead  lines  of  another  utility, 
or  over  or  under  the  tracks  of  a railroad. 

DEFINITIONS. 

102.  For  the  purpose  of  these  specifications  certain  of  the 
terms  used  herein  are  defined  as  follows : 

103.  Line.  Any  aggregation  of  poles,  towers  or  other  sup- 
porting structures,  together  with  conductors  and  other  appur- 
tenances carried  on  such  supports. 

104.  Circuit.  Any  overhead  conductor  or  combination  of 
conductors  which  forms  a medium  or  path  for  the  transmission 
of  electrical  energy  for  power  or  communication  purposes. 

105.  Power  Circuit.  Any  constant  potential  or  constant 
current  circuit  used  for  power,  lighting,  railway  or  similar  pur- 
poses, but  not  including  trolley  contact  or  feeder  wires  as  de- 
fined in  Paragraphs  111  and  112. 

106.  Power  Line.  Any  line  used  mainly  for  carrying  power 
circuits. 

107.  Communication  Circuit.  Any  telephone,  telegraph  or 
signal  circuit  not  over  750  volts. 

108.  Communication  Line.  Any  line  used  mainly  for  carry- 
ing communication  circuits. 

109.  Conductor.  Any  overhead  wire  or  cable  which  con- 
stitutes part  of  a power  or  communication  circuit. 
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110.  Attachment.  Any  crossarm,  conductor,  guard,  wire,  guy, 
cable,  apparatus,  fixture  or  other  appurtenance,  which  consti- 
tutes a part  of  a line  and  is  carried  by  any  pole,  tower,  or  other 
support  thereof. 

111.  Trolley  Contact  Wire.  Any  overhead  bare  conductor 
from  which,  by  means  of  an  overhead  trolley  or  similar  device, 
electrical  energy  is  transmitted  to  moving  cars  or  trains. 

112.  Trolley  Feeder.  Any  conductor  used  for  supplying 
electrical  energy  directly  to  a trolley  contact  wire  at  the  same 
voltage. 

113.  Crossing  Span.  That  portion  of  the  conductors  of  a line 
between  adjacent  line  supports,  which  crosses  over  the  conduc- 
tors of  any  other  line  or  lines,  or  the  track  or  tracks  of  a rail- 
road. 

114.  Railroad.  Every  railroad  and  railway  other  than  a 
street  railway,  by  whatsoever  power  operated,  for  public  use  in 
the  conveyance  of  passengers  or  property,  or  both. 

115.  Street  Railway.  Every  railroad  and  railway,  by  what- 
soever power  operated,  for  public  use  in  the  conveyance  of  pas- 
sengers or  property,  or  both,  being  mainly  located  upon,  over, 
above,  across,  through,  or  along  any  street,  avenue,  road,  high- 
way, bridge  or  public  place. 

116.  Normal.  The  conditions  existing  at  a temperature  of 
sixty  (60)  degrees  Fahrenheit,  and  with  no  wind  or  ice  loading. 

117.  Nominal.  Defines  the  term,  dimension,  or  value  (e.  g., 
diameter,  operating  voltage,  etc.)  by  which  a certain  size  of 
material,  character  of  circuit,  etc.,  is  commonly  known  in  the 
art,  although  the  actual  term,  dimension,  or  value  may  vary 
somewhat  from  the  defined  condition. 

118.  Collinear.  Defines  the  condition  where  one  line  is  built 
over,  under,  or  along'  side  another  line  on  separate  supports 
(crossings  at  an  angle  of  fifteen  (15)  degrees,  or  over,  excepted) 
so  situated  that  one  line  is  wholly,  or  partly,  over  the  other  line. 
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119.  Parties  in  Interest.  A term  to  be  understood  as  in- 
cluding The  Public  Service  Commission  and  any  other  regulat- 
ing body  having  jurisdiction  and  the  utilities  concerned  at  the 
crossing. 


CLASSIFICATION. 


120.  Classification.  For  the  purpose  of  these  specifications, 
circuits  or  conductors  will  be  designated  by  class,  as  follows : 


Class 

rA-1 


A-2 


A i 


U-3 


B 


Character  and  Operating  Voltage 

Constant  potential,  alternating  current,  not 
grounded,  exceeding  5,000  volts  and  not 
exceeding  7,500  volts. 

Constant  potential,  one  side  or  neutral 
grounded,  exceeding  2,500  volts  alternat- 
ing current  to  ground,  but  not  exceeding 
3,750  volts  alternating  current  to  ground, 
or  exceeding  750  volts,  nominal,  direct 
current  to  ground,  excepting  trolley  con- 
tact wires.* 

Constant  potential,  alternating  current,  ex- 
ceeding 7,500  volts  between  conductors 
when  circuit  is  not  grounded,  or  exceed- 
ing 3,750  volts  to  ground  when  circuit  is 
grounded. 

Constant  potential,  not  exceeding  5,000 
volts  alternating  current,  when  circuit  is 
not  grouhded,  or  not  exceeding  2,500 
volts  alternating  current  to  ground  when 
circuit  is  grounded,  or  not  exceeding  750 
volts,  nominal,  direct  current  to  ground 
when  circuit  is  grounded  ( excepting  trol- 
ley contact  wires*),  and  constant  current 
series  arc  or  incandescent  lighting. 


*Trolle3"  feeders  may  be  classed  either  with  trollei’  contact  wires  of 
corresponding  voltage  or  with  other  power  circuits  of  the  same  voltage 
and  character. 
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Character  and  Operating  Voltage 

Communication,  including  telephone,  tele- 
praph  and  signal  circuits  not  exceeding 
750  volts,  excepting  those  included  in 
Class  P. 

Trolley  contact  wires  not  exceeding  2,500 
volts  alternating  current,  or  not  exceed- 
ing 750  volts,  nominal,  direct  current.* 
Trolley  contact  wires  exceeding  2,500  volts 
alternating  current,  or  exceeding  750 
volts,  nominal,  direct  current.* 
Telephone,  telegraph  or  other  signal  wires 
not  exceeding  750  volts  used  by  the 
owners  or  operators  of  Class  A,  Class 
B or  Class  D circuits,  but  not  for  the 
use  of  the  public. 

NOTE: — Where  Class  P circuits  throughout  are 
in  conformity  with  the  requirements 
of  these  specifications  for  Class  C 
circuits,  the  Class  P conductors  in 
the  crossing  span  shall  be  treated  as 
Class  C. 

Where  Class  P circuits  throughout  are 
not  in  conformity  with  the  require- 
ments of  these  specifications  for 
Class  C circuits,  the  crossing  span 
shall  be  so  constructed  that  the  de- 
gree of  hazard  shall  not  be  mate- 
rially increased  due  to  the  presence 
of  Class  P circuits. 

121.  Changes  at  Crossing.  When  the  operating  voltage  of 
the  power  circuits  at  a crossing  is  to  be  changed,  the  construc- 
tion at  the  crossing  shall  be  changed,  if  necessary,  to  conform 
with  these  specifications. 


Glass 


D 


D-2 


•Trolley  feeders  may  be  classed  either  with  trolley  contact  wires  of 
corresponding  voltage  or  with  other  power  circuits  of  the  same  voltage 
and  character. 
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SECTION  II. 

SPECIFICATIONS  FOR  THE  CONSTRUCTION  OF  OVER- 
HEAD CROSSINGS  OF  LINES  OF  LOWER  VOLTAGE. 


SCOPE. 

201.  Scope.  These  specifications  apply  to  crossings,  as  fol 
lows : 


Class  A-1  cross  over  Class  A-1,  A-2,  B,  D. 

Class  A-2  “ “ “ A-1,  A-2,  B,  D. 

Class  B « “ “ A-1,  A-2,  B,  C,  B. 

Class  C “ “ “ B,  C,  D-1  (not  over  D-2). 

Qass  D “ “ “ D. 


It  is  not  intended  that  this  section  apply  to  cases  where  Class 
B wires  cross  over  Class  C and  Class  D-2  in  the  same  span ; 
crossings  of  this  nature  shall  be  constructed  in  accordance  Vv^ith 
Section  III. 

It  is  not  intended  that  these  specifications  apply  to  crossings 
over  or  under  individual  twisted  pair  drop  wires,  service  wires, 
or  other  circuits  of  minor  importance,  where  equally  effective 
protection  may  be  secured  more  economical!}^  by  other  methods 
of  construction. 


202.  Positions  at  Crossings,  At  crossings,  conductors  should 
generally  be  arranged  in  the  order  of  the  operating  voltage,  con- 
ductors of  greatest  voltage  occupying  the  highest  position,  with 
the  exception  of  trolley  contact  wires,  which  must  necessarily 
occupy  the  lowest  position,  and  trolley  feeders  which,  for  prac- 
tical purposes,  are  generally  run  in  approximately  the  same  hori- 
zontal plane  as  the  trolley  contact  wires  to  which  they  connect. 

In  crossing  over  trolley  wires  and  feeders,  or  where  it  is  im- 
practicable to  have  the  higher  voltage  wires  above,  the  con- 
ductors occupying  the  upper  position  shall  be  considered,  inso- 
far as  mechanical  strength  of  construction  is  concerned,  as  in- 
cluded in  the  class  of  power  circuits  of  the  highest  voltage  below 
them. 
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203.  Length  of  Span.  The  length  of  the  crossing  span 
should  preferiibly  not  exceed  150  feet. 

204.  Clearance  of  Conductors.  The  vertical  clearance,  under 
normal  conditions,  between  conductors  of  the  crossing  span  and 
conductors  of  the  span  crossed,  where  carried  on  separate  poles, 
shall  not  be  less  than  two  (2)  feet  for  power  conductors  crossing 
other  power  conductors,  and  not  less  than  four  (4)  feet  for 
power  conductors  crossing  over  or  under  communication  con- 
ductors. 

(a)  The  minimum  clearance,  as  given  above,  shall  be  in- 

creased by  two  (2)  inches  for  each  ten  (10)  feet  in 
excess  of  fifty  (50)  feet  of  the  total  distance  obtained 
by  adding  together  the  distance  from  the  point  of 
crossing  to  the  nearest  pole  supporting  the  crossing 
span,  and  the  distance  from  the  point  of  crossing  to 
the  nearest  pole  supporting  the  span  crossed. 

(b)  Where  conductors  of  Class  C only  are  involved,  and 

there  are  no  conductors  of  any  other  class  in  either 
crossing  span  or  span  crossed,  the  minimum  vertical 
clearance  shall  be  two  (2)  feet  Where  cables  or 
twisted  pair  wires,  only,  are  used  on  one  or  both  of 
the  two  lines,  this  clearance  may  be  reduced  to  one 
(I'l  foot. 

(c)  Where  conductors  of  Class  D are  involved,  the  con- 

ductors of  the  crossing  span  shall  be  sufficiently  raised 
above  Class  D wires,  or  otherwise  protected  to  guard 
against  damage  from  contact  with  trolley  poles  which 
may  leave  the  trolley  contact  wdre. 

(d)  As  trolley  contact  wires  of  necessity  cross  at  the  same 

level,  arrangements  must  be  made  to  provide  an  in- 
sulating cross-over,  unless  a conducting  cross-over  is 
agreed  to  by  all  the  parties  in  interest. 

205.  Clearance  of  Poles.  The  poles  of  the  line  making  a 
crossing  shall  be  so  located  that  no  interference  with  the  exist- 
ing lines,  or  with  the  free  use  of  the  poles  of  either  line,  shall 
result. 
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206.  Spacing  of  Conductors.  The  minimum  separation  in 
any  direction,  at  the  points  of  support,  for  power  conductors 
or  trolley  feeders  carrying  a difference  of  potential,  when  sup- 
ported on  pin  type  insulators,  shall  Ire  one  (1)  inch  for  each 
twenty  (20)  feet  of  span  and  one  (1)  inch  additional  for  each 
foot  of  normal  sag ; but  in  no  case  shall  tlie  separation  be  less 
than  twelve  (12)  inches,  except  that  trolley  feeders  and  ground 
returns  4/0  or  larger,  from  0-750  volts,  may  have  a minimum 
separation  of  not  less  than  six  (6)  inches,  and  signal  wires  may 
have  a minimum  separation  of  six  (6)  inches,  which  may  be 
still  further  reduced  at  transpositions. 

Where  supported  by  insulators  of  the  disc  or  suspension  type, 
the  minimum  separation  of  conductors  figured  as  above  shall  be 
increased  by  twenty-five  (25)  per  cent.,  unless  dead-ended  or 
otherwise  prevented  from  swinging. 

The  separation  between  conductors  with  voltages  less  than 
750,  carried  on  secondary  racks  bolted  to  the  pole,  may  be  not 
less  than  three  (3)  inches. 

NOTE: — The  separations  specified  in  this  paragraph  do  not  apply  to 
pole  wiring. 

207.  Climbing  Space.  Power  conductors  of  all  classes  shall 
be  so  installed  as  to  provide  a clear  climbing  space  adjacent  to 
the  pole  to  which  they  are  attached  of  not  less  than  thirty  (30) 
inches.  This  climbing  space  may  be  entirely  on  one  side  of  the 
pole  where  necessary  due  to  the  use  of  cables  or  secondary  rack 
construction  carried  on  the  other  side  of  the  pole.  Conductors  of 
communication  circuits,  where  installed  below  power  conductors 
and  attached  to  the  same  pole,  shall  be  so  installed  as  to  provide 
a similar  climbing  space. 

208.  Conductors.  Conductors  shall  be  of  copper  copper-cov- 
ered steel,  aluminum,  galvanized  steel  or  other  corrosion-resist- 
ing material. 

209.  Size  of  Conductors.  Copper  conductors  of  the  crossing 
span  shall  not  be  smaller  than  the  sizes  given  in  the  following 
table ; 
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SIZE  OF  WIEE— AMERICAN  WIRE  GAUGE 


CLASS  OF 

Line  Spans 

Service  Spans 

CONDUCTORS 

Soft 

Hard 

Soft 

Hard 

INVOLVED 

Drawn 

Drawn 

Drawn 

Drawn 

A 

6 

. . 

, , 

B 

6 

10 

8 

14 

C 

14 

14 

NOTE: — In  using  the  above  table,  the  highest  voltage  of  any  con- 
ductor,in  either  the  crossing  span  or  the  span  crossed, 
shall  be  used  in  order  to  determine  the  class  of  con- 
ductors involved. 

No  twisted  pair  wire  of  smaller  conductor  size  than  No.  14 
A.  W.  G.  copper  or  No.  17  A.  W.  G.  copper-covered  steel,  or 
its  equivalent  in  strength,  shall  be  used  in  the  crossing  span. 

Conductors  of  material  other  than  copper,  and  messenger 
wires,  shall  be  of  such  size  and  so  erected  as  to  have  a mechan- 
ical strength  not  less  than  that  of  the  sizes  of  copper  conductors 
given  above ; but  in  no  case  shall  the  tensile  strength  of  mes- 
senger wire,  carrying  cable  or  twisted  pair  wires,  be  less  than 
2,300  pounds. 

210.  Sag  of  Conductors.  At  crossings  where  power  circuits 
are  involved,  conductors  of  the  crossing  span  shall  be  strung 
with  sags  not  less  than  shown  in  the  tables  given  in  Appendix  A. 

NOTE: — Where  conductors  of  Class  C only  are  involved,  and  there 
are  no  conductors  of  any  other  class  in  either  crossing 
span  or  span  crossed,  the  provisions  of  this  paragraph 
do  not  apply. 

211.  Conductor  Fastenings.  Insulators,  pins  and  conductor 
fastenings  shall  provide  mechanical  strength  not  less  than  the 
tension  in  the  conductors  supported,  except  where  this  is  greater 
than  1,000  pounds,  when  the  strength  shall  be  at  least  1,000 
pounds. 

212.  Crossarms.  Wooden  crossarms  carrying  the  crossing 
span  shall  be  of  long-leaf  yellow  pine,  fir  or  other  suitable  timber 
and  shall  have  a minimum  section  of  three  (3)  inches  by  four 
and  one-quarter  (4:|)  inches.  Galvanized  or  painted  iron,  or 
steel  crossarms,  of  equal  strength  may  be  used. 

213.  Crossarms  carrying  the  crossing  span  shall  be  attached 
to  the  poles  with  through  bolts  and  shall  be  equipped  with  suit- 
able galvanized  iron  braces. 
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214.  Gain  Spacing.  The  standard  gain  spacing  between  cross- 
arms  (buck-arms  excepted),  shall  be  twenty-four  (24)  inches. 

215.  Galvanizing.  Galvanized  material  shall  meet  the  require- 
ments specified  by  the  National  Electric  Light  Association  or 
other  standard  generally  sanctioned  by  good  modern  practice. 

Sherardizing  of  small  parts  is  permitted. 

All  holes  in  galvanized  material  shall  be  made  before  gal- 
vanizing. 

216.  Poles.  Wooden  poles  supporting  the  crossing  span  shall 
be  of  chestnut  or  other  selected  timber,  and  shall  be  sound  and 
reasonably  straight. 

Iron,  steel  or  reinforced  concrete  poles,  of  adequate  strength, 
may  be  used. 

(For  specifications  for  wooden  poles,  see  Appendix  B). 

217.  Permissible  Pole  Loading.  Wooden  poles  supporting 
the  crossing  span  shall  carry  not  more  than  the  number  of  No. 
4 weather-proof  wires  specified  in  the  tables  in  Appendix  L or 
an  equivalent  load,  excepting  when  the  poles  are  guyed  in  ac- 
cordance with  Paragraph  220. 

218.  Pole  Setting.  Poles  supporting  the  crossing  span  shall 
be  set  in  ground  to  depths  not  less  than  those  shown  in  the 
following  tabulation : 


Total  Length  of  Pole 

Depth  in 

(Feet) 

(Feet) 

20 

4.0 

25 

5.0 

30 

5.0 

35 

5.5 

40 

6.0 

45 

6.5 

50 

6.5 

55 

7.0 

60 

7.5 

65 

8,0 

70 

8.0 

75 

8.5 

80 

8.5 
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When  the  poles  are  set  in  rock,  the  depth  of  the  setting  may 
be  decreased  depending  upon  its  character,  but  this  depth  shall 
never  be  less  than  three  and  one-half  (3|)  feet. 

219.  Identification.  For  the  purpose  of  identification,  poles  or 
structures  supporting  the  crossing  span  shall  be  clearly  marked 
with  the  name,  initials,  or  trade-mark  of  the  owner  of  the 
structure. 

220.  Guying.  The  line  of  which  the  crossing  .span  is  a part 
shall  be  guyed  according  to  the  best  modern  practice. 

Where  head  guys  are  installed  on  poles  supporting  the  cross- 
ing span,  they  shall  be  so  installed  as  not  to  increase  appreciably 
the  stress  in  the  conductors  of  the  crossing  span. 

The  tensile  strength  of  guys  shall  not  be  less  than  2,300 
pounds. 

Poles  supporting  the  crossing  span  shall  be  side  and  head- 
guyed  when  the  loads  are  in  excess  of  those  specified  in  Para- 
graph 217. 

The  number  and  arrangement  of  guys  shall  be  determined  by 
the  conditions  existing  at  the  crossing.  Braces  may  be  used 
instead  of  guys.  Where  poles,  not  self-supporting,  are  guyed, 
they  become  rigid  structures  acting  oidy  as  struts,  and  the  hori- 
zontal component  of  the  load  will  be  considered  as  taken  en- 
tirely b}  the  guys. 

221.  Clearance  of  Guys.  The  clearance  between  guy  wires 
of  one  line  and  conductors  of  another  line  shall,  where  prac- 
ticable, be  not  less  than  three  (3)  feet. 

222.  Guy  Anchorage.  Guys  to  ground  shall  be  connected  to 
a well  anchored  rod  of  such  length  that  the  eye  of  the  rod  shall 
be  above  the  surface  of  the  ground.  Rods  with  a diameter  of 
less  than  one  (1)  inch  shall  be  galvanized. 

223.  Guy  anchors  shall,  where  practicable,  be  placed  at  a 
horizontal  distance  from  the  poles  they  reinforce,  measured  at 
the  ground  line,  of  not  less  than  one-third  (1/3)  of  the  height 
of  the  point  of  attachment  of  the  guy  to  the  pole. 
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224.  Guy  Strain  Insulators.  Strain  insulators  shall  be  placed 
in  all  gTJys  in  the  proximity  of  crossings  where  power  circuits 
are  involved,  or  these  guys  shall  be  permanently  and  effectually 
grounded.  Strain  insulators,  in  general,  shall  be  placed  not 
less  than  six  (6)  feet  below  the  lowest  conductor,  not  less  than 
eight  (8)  feet  above  the  ground,  and,  where  practicable,  not 
less  than  six  (6)  feet  in  a horizontal  direction  from  the  pole. 
Where  it  is  impracticable  to  comply  with  the  provisions  of 
Paragraph  221,  strain  insulators  shall  l:)e  so  placed  as  to  protect 
pedestrians  and  men  working  on  either  line. 

Strain  insulators,  when  used  in  guys,  shall  meet  the  following 
mechanical  and  electrical  requirements: 

(a)  Strain  insulators  shall  be  capable  of  withstanding  the 
maximum  mechanical  stress  to  which  the  guy  of  which 
they  are  a part  may  be  subjected. 

(bl  Strain  insulators  installed  in  guys  shall  be  capable  of 
withstanding,  without  puncture  or  flash-over,  the 
maximum  line  voltage  carried  on  either  pole  to  which 
the  guy  is  attached. 

225.  Other  Construction.  Requirements,  Construction  re- 
quirements for  all  crossings,  where  not  covered  by  these  specifi- 
cations, shall  be  according  to  the  best  modern  practice. 

226.  For  cause  shown,  in  special  cases,  the  Commission  may 
afford  relief  from  the  operation  of  these  Regulations  to  any  par- 
ticular pul^lic  utility  wlien  public  convenience  and  safety  will 
not  be  injuriously  affected  thereby,  and  the  welfare  of  such 
public  utility  will  be  subserved  by  modifications  of  any  of  the 
foregoing  Regulations  and  Specifications. 
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SECTION  III. 

SPECIFICATIONS  FOR  THE  CONSTRUCTION  OF 
OVERHEAD  CROSSINGS  OF  LINES 
OF  HIGHER  VOLTAGE. 

SCOPE. 

301.  These  specifications  apply  to  crossings  as  follows : 

(a)  All  Class  A-3  crossing  spans ; 

(b)  Class  A over  Class  C; 

(c)  Class  A or  Class  B over  Class  A-3; 

(d)  In  respect  to  mechanical  requirements  Class  C over 

Class  A or  Class  D-2; 

(e)  Class  B over  Class  C and  Class  B-2  in  the  same  span. 

It  is  not  intended  that  these  specifications  apply  to  crossings 
over  individual  twisted  pair  drop  wires,  service  wires,  or  other 
circuits  of  minor  importance  where  equally  effective  protection 
may  be  secured  more  economically  by  other  methods  of  con- 
struction. 

GENERAL. 

302.  Positions  at  Crossings.  At  crossings,  conductors  should 
generally  be  arranged  in  the  order  of  the  operating  voltage,  con- 
ductors of  greatest  voltage  occupying  the  highest  position,  with 
the  exception  of  trolley  contact  wires,  which  must  necessarily 
occupy  the  lowest  position,  and  trolley  feeders  which,  for  prac- 
tical purposes,  are  generally  run  in  approximately  the  same 
horizontal  plane  as  the  trolley  contact  wires  to  which  they  con- 
nect. 

In  crossing  over  trolley  wires  and  feeders,  or  where  it  is  im- 
practicable to  have  the  higher  voltage  wires  above,  the  con- 
ductors occupying  the  upper  position  shall  be  considered,  inso- 
far as  mechanical  strength  of  construction  is  concerned,  as  in- 
cluded in  the  class  of  power  circuits  of  the  highest  voltage  below 
them. 
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303.  Location  of  Poles.  The  poles  or  towers  supporting  the 
crossing  span  and  the  next  adjoining  spans,  where  practicable, 
shall  be  located  in  a straight  line. 

304.  Falling  Trees.  The  crossing  span  and  the  next  adjoining 
spans,  so  far  as  practicable,  shall  be  kept  free  from  trees  which 
might  fall  into  the  line. 

305.  Fire  Hazard.  The  poles  or  towers  of  the  crossing  span, 
so  far  as  practicable,  shall  be  located  away  from  inflammable 
material  or  structures. 

306.  Length  of  Span.  The  length  of  the  crossing  span,  where 
practicable,  shall  be  not  greater  than  the  normal  span  of  the 
line,  and  the  length  of  the  next  adjoining  span,  where  practica- 
ble, shall  be  not  greater  than  one  and  one-half  (1^)  times  the 
length  of  the  normal  span. 

CLEARANCES. 

307.  Overhead  Clearance.  The  vertical  clearance  between  con- 
ductors of  the  crossing  span  and  conductors  of  the  span  crossed, 
where  carried  on  separate  poles,  shall  be,  under  normal  condi- 
tions (sixty  (60)  degrees  Fahrenheit,  and  no  wind  or  ice  load- 
ing), not  less  than  the  sum  of  the  values  of  (a)  and  (b)  de- 
termined as  below,  but  in  no  case  where  voltage  is  more  than 
7,500,  less  than  six  (6)  feet. 

(a)  One-tenth  (1/10)  of  a foot  for  each  kilo-volt,  with  a 

minimum  value  of  four  (4)  feet. 

(b)  Two  (2)  inches  for  each  ten  (10)  feet  of  the  total  dis- 

tance obtained  by  adding  together  the  distance  from 
the  point  of  crossing  to  the  nearest  pole  supporting  the 
crossing  span,  and  the  distance  from  the  point  of 
crossing  to  the  nearest  pole  supporting  the  span 
crossed. 

NOTE : — Where  conductors  of  Class  D-2  are  involved,  the  con- 
ductors of  the  crossing  span  shall  be  sufficiently  raised 
above  Class  D-2  wires,  or  otherwise  protected  to  guard 
against  damage  from  contact  with  trolley  poles  which 
may  leave  the  trolley  contact  wires. 
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308.  Clearance  of  Poles.  The  poles  of  the  line  making  a cross- 
ing shall  be  so  located  that  no  interference  with  the  existing 
lines,  or  with  the  free  use  of  the  poles  of  either  line,  shall  result. 

309.  Clearance  of  Guys.  The  clearance,  under  normal  condi- 
tions, between  conductors  of  one  line  and  guy  wires  of  another 
line,  where  practicable,  shall  be  not  less  than  one-tenth  (1/10) 
foot  for  each  kilo-volt  with  a minimum  of  four  (4)  feet. 

310.  Spacing  of  Conductors.  The  minimum  separation  in  any 
direction,  at  the  points  of  support,  for  power  conductors  carry- 
ing a difference  of  potential  and  supported  on  pin  type  insula- 
tors, shall  be  one  (1)  inch  for  each  twenty  (20)  feet  of  span, 
and  one  (1)  inch  additional  for  each  foot  of  normal  sag,  but  in 
no  case  shall  the  separation  be  less  than  that  shown  in  the  fol- 
lowing table: 

VOLTAGE  BETWEEN  CONDUCTORS 


Exceeding 

Not  Exceeding 

Separation 

7,000 

12  in 

7,000 

14,000 

20  in. 

14,000 

27,000 

30  in. 

27,000 

35,000 

36  in. 

35,000 

47,000 

45  in. 

47,000 

70,000 

60  in. 

70,000 

60  in.  plus  0.6  in.  per  k.v 

in  excess  of  70. 


Where  supported  by  insulators  of  the  disc  or  suspension  type, 
the  minimum  separation  of  conductors  shall  be  increased  by 
twenty-five  (25)  per  cent.,  unless  dead-ended  oi  otherwise  pre- 
vented from  swinging. 

NOTE: — The  separations  specified  in  this  paragraph  do  not  apply 
to  pole  wiring. 

311.  Clearance  between  Conductors  and  Supports.  Clearance 
between  any  power  conductor,  or  live  hardware,  and  any  por- 
tion of  the  supporting  structure  (insulator  pins  not  included) 
shall  not  be  less  than  three  (3)  inches,  plus  twenty-five  one- 
hundredths  (0.25)  of  an  inch  for  each  kilo-volt  in  excess  of 
seven  (7).  For  conductors  supported  by  suspension  or  disc 
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type  insulators  and  not  dead  ended  at  the  pole  structure,  or 
otherwise  prevented  from  swinging,  clearance  as  above  shall  be 
figured  on  the  assumption  that  the  maximum  deflection  of  the 
supporting  insulators  is  forty-five  (45)  degrees  from  the  vertical. 

312.  Gain  Spacing.  In  no  case  shall  the  gain  spacing  be- 
tween crossarms  (buck  arms  excepted)  be  less  than  twenty-four 
(24)  inches. 

CONDUCTORS. 

313.  Material  of  Conductors.  Conductors  shall  be  of  copper, 
copper-covered  steel,  aluminum,  galvanized  steel,  or  other  cor- 
rosion resisting  material,  provided,  however,  that  galvanized 
steel  shall  not  be  used  in  localities  subject  to  excessive  coal  gases, 
or  other  conditions  which  would  cause  unusual  corrosion. 

314.  Size  of  Conductors.  The  minimum  allowable  sizes  for 
conductors  of  the  crossing  and  adjoining  spans  are  as  follows: 

Copper  or  Copper-covered  Steel 

Spans  less  than  150  feet.  No.  6 Am.  Wire  Guage 

Spans  150  feet  and  over  No.  4 “ “ “ 

Aluminum  No.  1 “ 

Galvanized  Steel  5/16  inch  diameter 

315.  All  aluminum  and  galvanized  steel  conductors  shall  be 
stranded. 

NOTE: — The  information  available  at  present  is  not  sufficient  to 
show  conclusively  the  relative  reliability  of  stranded 
and  solid  copper  conductors.  Information  is  being 
collected  on  this  subject  and,  until  these  data  are  avail- 
able, no  requirement  as  to  the  use  of  stranded  or  solid 
copper  conductors  is  considered  advisable. 

316.  Sag  of  Conductors.  Conductors  of  the  crossing  and  ad- 
joining spans  shall  be  strung  with  at  least  such  sags  as  to  with- 
stand, with  the  designated  factor  of  safety  (Paragraph  359), 
the  stresses  due  to  the  specified  loading  (Paragraph  356).  See 
Appendix  C for  table  of  sags. 
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317.  Splices  in  Conductors.  The  conductors  in  the  crossing 
span  shall  be  free  from  splices  or  taps.  If  a splice  or  tap  is 
employed  in  any  conductor  in  the  next  adjoining  span,  it  shall 
be  placed  at  a point  nearer  the  crossing  support  than  the  dis- 
tance from  the  crossing  support  of  that  conductor  to  the  nearest 
wire  crossed. 

NOTE: — Where  crossing  is  made  under  existing  wires,  the  above 
requirement  regarding  splices  may  be  waived  with  the 
consent  of  all  parties  in  interest. 

LIGHTNING  PROTECTION  WIRES. 

3 IS.  Lightning  Protection  Wires.  Lightning  protection  wires 
or  cables,  if  used,  shall  conform  to  the  requirements  of  specifica- 
tions for  conductors  (Paragraphs  313,  314,  315,  316  and  317). 
When  such  wires  are  not  connected  to  thoroughly  grounded 
steel  Structures,  they  shall  be  permanently  connected  to  ground, 
at  each  crossing  pole  or  tower,  by  a wire  with  a conductivity 
not  less  than  No.  4 A.  W.  G.  copper.  The  ground  wire  shall  be 
connected  directly  to  the  lightning  protection  wire  and  to  a well- 
made  ground,  and  the  course  of  this  ground  connection  shall  be 
as  straight  as  possible. 


INSULATORS. 

319.  Material  of  Insulators.  Insulators  on  power  lines  shall 
be  of  porcelain,  or  other  material,  which  can  be  shown,  to  the 
satisfaction  of  the  parties  in  interest,  to  be  equally  good  in  re- 
spect to  mechanical  and  electrical  requirements  and  durability. 

320.  Design  of  Insulators.  Insulators  shall  be  so  designed 
that  their  dry  flash-over  is  not  more  than  seventy-five  (75)  per 
cent,  of  their  puncture  voltage,  at  a frequency  of  sixty  (60) 
cycles. 

321.  Factor  of  Safety  of  Insulators.  Insulators  supporting 
the  crossing  and  adjoining  spans  shall  be  capable  of  withstand- 
ing, without  flash-over,  at  a frequency  of  sixty  (60)  cycles,  the 
normal  circuit  voltage  multiplied  by  the  following  factors : 
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VOLTAGE 

Exceeding 

OF  CIRCUIT 

Not  Exceeding 

9,000 

FACTOR 

Dry 

6.0 

Wet 

4.0 

9,000 

14,000 

5.3 

3.5 

14,000 

27,000 

4.5 

3.0 

27,000 

35,000 

3.9 

2.6 

35,000 

47,000 

3.6 

2.4 

47,000 

60,000 

3.3 

2.2 

60,000 

3.0 

2.0 

By  the  term  “wet’  is  meant  a condition  equivalent  to  a pre- 
cipitation of  one-fifth  (1  /h')  inch  of  rain  per  minute  at  an  angle 
of  forty-five  (45)  degrees  to  the  axis  of  the  insulator. 

322.  Tests.  Each  completed  pin  type  insulator  for  line  volt- 
ages over  15,000,  and  each  completed  suspension  insulator  disc, 
shall  be  subjected  to  a routine  factory  test  at  dry  flash-over  volt- 
age, at  a frequency  of  sixty  (60)  cycles  for  five  (5)  consecutive 
minutes,  or  any  other  test  which  may  be  generally  sanctioned  by 
good  modern  practice. 

323.  Voltage  Measurements.  Test  voltages  shall  be  deter- 
mined by  methods  conforming  to  the  standards  of  the  American 
Institute  of  Electrical  Engineers. 

324.  Strain  Insulators.  Strain  insulators,  when  used  in  guys, 
shall  meet  the  following  mechanical  and  electrical  requirements : 

(a)  Strain  insulators  shall  be  capable  of  withstanding  the 

maximum  mechanical  stress  to  which  the  guy  of 
which  they  are  a part  may  be  subjected,  with  the 
factors  of  safety  given  in  Paragraph  359. 

(b)  Strain  insulators  installed  in  guys  shall  be  capable  of 

withstanding,  without  puncture  or  flash-over,  twice 
the  maximum  line  voltage  carried  on  either  pole  to 
which  the  guy  is  attached. 

CONDUCTOR  ATTACHMENTS. 

325.  Pins.  Insulator  pins  shall  be  of  steel,  wrought  iron 
or  malleable  iron,  and  shall  be  galvanized.  Cast-iron  pin  bases 
may  be  used.  Pins  of  locust  wood  may  be  used,  provided  con- 
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ditions  are  such  that  digestion  or  rapid  deterioration  of  wood 
pins  does  not  occur. 

326.  Strength  of  Pins,  Insulators  and  Fastenings.  Insula- 
tors, pins  and  conductor  fastenings  (including  clamps,  ties  and 
dead  ends),  carrying  the  crossing' span,  shall  be  designed: 

(a)  To  withstand,  with  the  designated  factors  of  safety 

(Paragraph  359),  the  stresses  produced  by  the  con- 
ductor under  the  specified  loading  (Paragraph  356). 

(b)  To  withstand,  with  the  designated  factors  of  safety 

(Paragraph  359),  the  stress  due  to  the  pull  in  one 
direction  of  the  conductor  supported, — the  pull  being 
taken  as  the  tension  in  the  conductor  due  to  the  speci- 
fied load  (Paragraph  356). 

A longitudinal  movement  of  the  conductor  will  be  permitted, 
provided  this  movement  will  not  reduce  the  designated  clearance 
at  the  point  of  crossing  (Paragraph  307)  by  more  than  twenty- 
five  (25)  per  cent.  In  the  calculation  of  stress,  no  allowance 
shall  be  made  for  deformation,  deflection  or  displacement  of  any 
part  of  the  structure. 

Method  of  Attaching  Conductors  to  Insulators.  When  the 
stress  in  the  conductor,  under  the  specified  loading  (Paragraph 
356,)  does  not  exceed  2,000  pounds,  the  method  of  attaching 
conductors  to  double  pin  type  insulators  by  tie  wires,  as  shown 
in  Appendix  D,  Figure  1,  may  be  used  to  meet  the  requirements 
of  this  paragraph. 

When  the  stress  in  the  conductor,  under  the  specified  loading 
(Paragraph  356),  exceeds  2,000  pounds,  or  when  conditions  are 
such  that  suspension  or  disc  type  insulators  are  desirable,  a 
method  of  attaching  conductors,  satisfactory  to  all  parties  in 
interest,  shall  be  used. 

For  suggested  methods,  see  Appendix  D. 

327.  Special  Protection  at  Insulator.  Where  metal  pins  are 
used  at  either  of  the  two  crossing  supports,  or  where  wood  pins 
are  used  and  the  crossarms  are  grounded  (wood  pins  and  non- 
grounded  construction  being  generally  used  in  other  parts  of 
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the  line),  the  insulators  used  on  such  metal  or  grounded  supports 
shall  have  an  electrical  factor  of  safety  fifty  (50)  per  cent, 
greater  than  at  other  parts  of  the  line,  but  in  no  case  less  than 
as  specified  in  Paragraph  321. 

As  an  alternative,  the  conductors,  at  their  points  of  attach- 
ment to  the  insulators  at  the  crossing  span,  may  be  protected  by 
arcing  shields  as  shown  in  Appendix  D. 

NOTEv — The  purpose  of  the  foregoing  requirements,  described  in 
Paragraphs  326  and  327,  is  to  guard  against  the  failure 
of  the  construction  due  to  any  of  the  following  acci- 
dental conditions  : 

I.  Mechanical  Failures. 

(a)  Failure  due  to  the  stresses  produced  by  the  conductors  under 

the  specified  loading  (Paragraph  356). 

(b)  Failure  due  to  unbalanced  stresses  in  conductors,  resulting 

from  conductor,  insulator,  pin,  or  conductor  fastening 
failing  at  the  adjoining  pole  or  tower. 

(c)  Failure  due  to  a broken  or  damaged  insulator. 

II.  Electrical  Failures. 

(a)  Burning,  by  arcs  or  leakage  current  due  to  the  failure  of  an 

insulator,  pin,  or  conductor  fastening,  of  any  wooden 
part  of  the  supporting  structure  which,  if  burned,  would 
render  the  conductor  liable  to  fall. 

(b)  Burning  or  weakening  of  the  conductor,  at  the  insulator,  due  to 

arcs  or  leakage  current 

Other  methods  of  guarding  against  these  accidentel  conditions  may 
be  used,  if  agreed  upon  by  the  parties  in  interest,  as  being  equally 
effective  as  the  methods  herein  described. 

CROSSARMS. 

328.  Crossarms.  The  crossarms  carrying  the  crossing  span 
shall  be  of  at  least  the  following  dimensions ; 

(a)  Wood  crossarm — 3a  in.  x 4^  in. 

(b)  Steel  “ — 3 in.  x 3 in.  x 5/^16  in. 

329.  Crossarms  carrying  the  crossing  span  shall  be  attached 
to  the  poles  with  through  bolts  and  shall  be  equipped  with  suit- 
able galvanized  iron  braces.  Double  crossarms  shall  be  fitted 
with  spacing  bolts,  equipped  with  spacing  nuts  and  washers, 
pipe  spacers,  or  similar  construction,  or  with  spacing  blocks  or 
plates. 
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330.  Strength  of  Crossarms.  The  crossarms  carrying  the 
crossing  span,  including  their  fastenings  to  the  poles  or  towers, 
shall  be  designed; 

(a)  To  withstand,  with  the  designated  factors  of  safety 

(Paragraph  359),  the  stresses  produced  by  the  con- 
ductors under  the  specified  loading  (Paragraph  356). 

(b)  To  withstand,  at  all  times  without  failure,  the  un- 

balanced stress  due  to  the  combined  pull  in  one  direc- 
tion of  all  the  conductors  supported, — the  pull  of  each 
conductor  being  taken  as  the  tension  in  the  conductor 
due  to  the  specified  load  (Paragraph  356). 

In  the  calculation  of  stress,  no  allowance  shall  be  made  for 
the  deformation,  deflection  or  displacement  of  any  part  of 
the  structure. 

For  method  of  figuring  strength  of  double  crossarms,  see 
Appendix  E. 

SUPPORTING  STRUCTURES. 

331.  Wooden  Poles.  Wooden  poles  supporting  the  crossing 
span  shall  be  of  chestnut  or  other  selected  timber,  reasonably 
straight,  peeled,  free  from  defects  which  decrease  their  strength 
or  durability,  and  not  less  than  twenty-two  (22)  inches  in  cir- 
cumference at  the  top. 

332.  Steel  Towers.  Steel  for  structures  supporting  the  cross- 
ing span  shall  conform  to  the  “Specifications  for  Structural  Steel 
for  Buildings,”  as  adopted  by  the  American  Society  for  Testing 
Materials. 

333.  Design  and  workmanship  shall  be  in  accordance  with 
good  modern  practice. 

334.  The  form  of  the  frame  shall  be  such  that  stresses  may 
be  computed  with  reasonable  accuracy,  or  the  strength  of  the 
structure  shall  be  determined  by  actual  test. 

335.  Construction  shall  be  such  that  all  parts  are  accessible 
for  inspection,  cleaning  and  painting,  and  shall  not  permit  of 
pockets  in  which  water  or  dirt  might  collect. 
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336.  The  unsupported  length  of  a tower  leg  shall  not  exceed 
140  times  its  least  radius  of  gyration. 

The  unsupported  length  of  a secondary  compression  member, 
having  figured  stress,  shall  not  exceed  180  times  its  least  radius 
of  gyration. 

The  unsupported  length  of  a compression  member,  placed  to 
reduce  the  unsupported  length  of  a leg  or  secondary  member 
(therefore  having  no  figured  stress),  shall  not  exceed  200  times 
its  least  radius  of  gyration. 

337.  The  minimum  thickness  of  metal  in  galvanized  struc- 
tures shall  be  one-quarter  (^)  inch  for  main  members  and  three- 
sixteenths  (3//16)  inch  for  all  other  members.  The  minimum 
thickness  of  metal  in  painted  structures  shall  be  one-quarter 
(^)  inch. 

338.  Strength  of  Supporting  Structures.  The  poles  or 
towers  supporting  the  crossing  span  shall  be  designed : 

(a)  To  withstand,  with  the  designated  factor  of  safety 

(Paragraph  359),  the  combined  stresses  produced  by 
their  own  weight,  the  specified  wind  pressure  on  the 
poles  or  towers  (Paragraph  357),  and  the  specified 
conductor  loading  (Paragraph  356)  on  all  conductors 
supported  in  both  the  crossing  span  and  the  next  ad- 
joining span. 

(b)  To  withstand,  at  all  times  without  failure,  the  unbal- 

anced stress  due  to  the  combined  pull  in  the  direction 
of  the  crossing  of  all  the  conductors  supported, — the 
pull  of  each  conductor  being  taken  as  the  tension  in 
the  conductor  due  to  the  specified  load  (Paragraph 
356). 

NOTE; — In  designing  steel  towers,  to  withstand  this  unbalanced 
stress,  the  maximum  allowable  unit  fibre  stress  shall  be: 

For  tension  members  : 24,000  lbs.  per  square  inch. 

60  L 

For  compression  members;  24,000  — lbs.  per 

square  inch.  R 
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In  the  case  of  wooden  or  steel  poles,  when  head  guys 
are  used  to  meet  this  requirement,  this  unbalanced 
stress  may  be  assumed  to  be  distributed  equally  over 
one  or  more  poles  adjoining  the  crossing,  provided  all 
the  construction  between  the  crossing  span  and  any 
such  poles  is  in  conformity  with  these  specifications. 

In  the  calculation  of  stress,  no  allowance  shall  be  made  for 
the  deformation,  deflection  or  displacement  of  any  part  of  the 
structure. 

339.  In  the  case  of  wooden  pole  construction,  where  the  re- 
quirements of  Paragraph  338  (a)  cannot  be  met  except  by  the 
use  of  side  guys  or  special  structures,  and  it  is  physically  im- 
practicable to  employ  side  guys  at  the  crossing  poles,  the  re- 
quirements of  Paragraph  338  (a)  may  be  met  by  side-guying 
the  line  as  near  as  practicable  to  the  crossing  but  at  a distance 
not  exceeding  500  feet  from  the  point  of  crossing,  provided : 

(a)  The  side-guyed  poles  shall  be  designed  to  withstand  the 

stress  due  to  wind  and  ice  loading  transversely  to 
the  line,  on  the  assumption  that  the  whole  transverse 
strain  of  the  line,  between  the  poles  so  side-guyed,  is 
carried  by  them. 

(b)  The  line  between  such  guyed  poles  and  the  crossing  shall 

be  substantially  in  a straight  line  with  the  crossing 
poles. 

(c)  The  average  length  of  span  between  the  guyed  poles  and 

the  crossing  shall  not  be  in  excess  of  150  feet. 

When  these  conditions  are  met,  and  the  crossing  line  between 
the  guyed  poles  is  otherwise  constructed  in  accordance  with 
these  specifications,  then,  for  the  intervening  poles,  considered 
individually,  without  reinforcement  from  adjoining  poles,  the 
requirements  of  Paragraph  338  (a)  may  be  modified  to  the  ex- 
tent of  reducing  the  specified  factor  of  safety,  depending  upon 
the  number  of  wires  carried,  as  per  the  following  table : 
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Number  of  Wires 


Factor  of  Safety 


24  or  more 


4 

6 

12 

18 


4.0 
3.5 

2.0 
1.4 
1.0 


340.  Pole  Setting.  Poles  shall  be  set  in  the  ground  to  depths 
not  less  than  those  shown  in  the  following  tabulation : 


Depth  in  Earth 
(Feet) 


Total  Length  of  Pole 
(Feet) 


5.5 
6.0 
6.0 

6. 5 
7.0 

7.0 

7.5 

7.5 

8.0 
8.0 

8.5 
8.5 


25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 


When  poles  are  set  in  rock,  the  depth  of  the  setting  may  be 
decreased,  depending  upon  its  character,  but  this  depth  shall 
never  be  less  than  four  (4)  feet. 

341.  Where  located  in  soft  or  swampy  ground,  the  setting 
of  poles  shall  be  suitably  reinforced.  This  may  be  done  by 
setting  in  barrels  of  broken  stone  or  gravel,  or  in  stone  or 
timber  footings,  or  by  any  other  equally  effective  method. 

342.  Where  located  in  the  sides  of  banks,  or  where  subject 
to  washouts,  foundations  or  pole  settings  shall  be  given  addi- 
tional depth,  or  be  protected  by  cribbing  or  riprap. 

343.  Backfillings  for  foundations  or  pole  settings  shall  be 
carefully  tamped,  or  otherwise  thoroughly  compacted,  while 
being  placed. 
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344.  Foundations  for  Steel  Towers.  Foundations  for  towers 
supporting  the  crossing  span  shall  be  adequate  to  withstand, 
with  the  designated  factor  of  safety  (Paragraph  359),  the  maxi- 
mum stress  t'o  which  they  will  be  subjected  when  wires  and 
structures  are  loaded  in  accordance  with  Paragraphs  338,  356 
and  357. 

345.  In  designing  foundations  for  towers,  the  weight  of  con- 
crete shall  be  considered  as  140  pounds  per  cubic  foot.  The 
weight  of  “earth”  (calculated  at  thirty  (30)  degrees  from  the 
vertical)  shall  be  considered,  in  good  ground,  as  100  pounds 
per  cubic  foot.  In  swampy  ground,  special  measure's  shall  be 
taken  to  prevent  uplift  or  depression, 

346.  The  top  of  a concrete  foundation,  or  casing,  shall  ex- 
tend at  least  six  (6)  inches  above  the  surface  of  the  ground, 
except  when  pavements  or  sidewalks  make  this  impracticable,  * 
and  shall  have  sufficient  slope  to  prevent  collection  of  water.  • 

347.  Identification.  For  the  purpose  of  identification,  poles 
or  structures  supporting  the  crossing  span  shall  be  clearly 
marked  with  the  name,  initials,  or  trade-mark  of  the  owner  of 
the  structure. 

GUYS. 

348.  Use  of  Guys.  Guys  may  be  used  in  meeting  the  speci- 
fied strength  requirements  for  supports  (Paragraph  338).  The 
number  and  arrangement  of  guys  shall  be  determined  by  the 
conditions  existing  at  the  crossing.  Braces  may  be  used  instead 
of  guys.  Where  head  guys  are  installed  on  poles  supporting  the 
crossing  span,  they  shall  be  so  installed  as  not  to  increase  ap- 
preciably the  stress  in  the  conductors  of  the  crossing  span, 

349.  Where  poles,  not  self-supporting,  are  guyed,  they  be- 
come rigid  structures  acting  only  as  struts,  and  the  horizontal 
component  of  the  load  will  be  considered  as  taken  entirely  by 
the  guys.  Where  steel  structures,  not  self-supporting,  are 
guyed,  they  act  as  struts  and  also  as  beams.  In  figuring  the 
strength  of  such  structures  and  their  guys,  the  structures  con- 
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sidered  alone,  may  be  figured  as  carrying-  such  portion  of  the 
horizontal  component  of  the  load,  together  with  the  vertical 
component  of  the  load  acting  on  the  structure  as  a strut,  as  will 
not  stress  any  part  of  the  structure  beyond  the  designated  factor 
of  safety  (Paragraph  359).  The  remaining  portion  of  the  hori- 
zontal component  of  the  load  shall  be  figured  as  carried  by  the 
guys  with  the  designated  factor  of  safety  (Paragraph  359). 

350.  Material.  Guys  shall  be  galvanized  or  copper  covered 
strarrded  steel  cable,  or  rolled  rods,  and  must  have  a minimum 
nominal  diameter  of  five-sixteenths  (5/16)  inch. 

351.  Anchorage.  Guys  to  ground  shall  be  connected  to  a 
well-anchored  rod  of  such  length  that  the  eye  of  the  rod  shall 
be  above  the  surface  of  the  ground.  Rods  with  a diameter  of 
less  than  one  (1)  inch  shall  be  galvanized. 

352.  Guy  anchors  shall,  when  practicable,  be  placed  at  a 
horizontal  distance  from  the  poles  they  reinforce,  measured  at 
the  ground  line,  of  not  less  than  one-third  (1/3)  of  the  height 
of  the  point  of  attachment  of  the  guy  to  the  pole. 

353.  Guy  Stubs.  Guy  stubs,  or  poles  used  as  guy  stubs,  with 
their  foundations,  anchorages  and  reinforcements,  shall  be  ade- 
quate to  withstand,  with  the  designated  factor  of  safety  (Para- 
graph 359),  the  maximum  stress  to  which  they  will  be  subjected 
when  wires  and  structures  are  loaded  in  accordance  with  Para- 
graphs 338,  356  and  357. 

354.  Strain  Insulators.  A strain  insulator,  when  used,  shall 
conform  to  requirement's  of  Paragraph  324,  and  in  general  shall 
be  placed  not  less  than  six  (6)  feet  below  the  lowest  conductor, 
not  less  than  eight  (8)  feet  above  the  ground,  and,  where 
practicable,  not  less  than  six  (6)  feet,  in  a horizontal  direction, 
from  the  pole.  When  it  is  impracticable  to  comply  with  the 
provisions  of  Paragraph  309,  strain  insulators  shall  be  so  placed 
as  to  protect  pedestrians  and  men  working  on  either  line.  Guys 
not  equipped  with  strain  insulators  shall  be  permanently  and 
effectually  grounded. 


Sec.  III. 


38 


PROTECTIVE  COATINGS. 

355.  Protective  Coatings  on  Steel.  All  structural  steel  shall 
be  thoroughly  cleaned  at  the  shop,  and  shall  be  galvanized  or 
painted,  as  follows : 

(a)  Painting.  Painting  shall  consist  of  one  (1)  complete 

shop  coat,  one  (1)  field  coat  on  all  contact  surfaces 
before  assembling,  and  one  (1)  complete  field  coat 
after  assembling.  Before  painting  in  the  field,  the 
surface  of  the  metal  shall  again  be  thoroughly  cleaned 
of  all  dirt,  grease,  etc.,  and  worn  or  defaced  spots 
shall  be  touched  up.  No  painting  shall  be  done  in 
freezing  or  rainy  weather. 

(b)  Galvanizing.  Galvanized  material  shall  meet  the  re- 

quirements specified  by  the  National  Electric  Light 
Association,  or  other  standard  generally  sanctioned 
by  good  modern  practice. 

Sherardizing  of  small  parts  is  permitted. 

All  holes  in  galvanized  material  shall  be  made  before 
galvanizing. 

LOADS. 

356.  Loads.  The  conductors  shall  be  considered  as  loaded 
uniformly  throughout  their  length  with  a load  equivalent  to 
the  resultant  of  the  dead  load,  the  weight  of  a layer  of  ice  one- 
half  (^)  inch  in  thickness,  and  a wind  pressure  of  eight  (8) 
pounds  per  square  foot  of  ice-covered  diameter,  at  a temperature 
of  zero  (0)  degrees  F'ahrenheit.  The  weight  of  the  ice  shall 
be  assumed  as  fifty-seven  (57)  pounds  per  cubic  foot  (0.033 
pounds  per  cubic  inch). 

357.  The  supporting  structures  shall  be  considered  as  sub- 
jected to  a wind  pressure  of ; — 

(a)  Eight  (8)  pounds  per  square  foot  on  the  projected  area 

of  cylindrical  surfaces,  such  as  wood  or  tubular  steel 
poles. 

(b)  Thirteen  (13)  pounds  per  square  foot  on  the  projected 

area  of  flat  surfaces,  such  as  crossarms,  etc. 
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(c)  Thirteen  (13)  pounds  per  square  foot  on  twice  the  pro- 
jected area  of  one  of  two  parallel  faces  of  latticed  or 
trussed  structures. 

The  areas  above  enumerated  shall  be  considered  as  increased 
by  one-half  (|)  inch  of  ice  on  all  the  exposed  surface. 

358.  Temperatures.  Computation  of  stresses  due  to  the 
temperature  load  shall  be  based  upon  an  assumed  temperature 
of  minus  twenty  ( — 20)  degrees  Fahrenheit. 

GENERAL  REQUIREMENTS. 

359.  Mechanical  Factors  of  Safety.  In  design  and  construc- 
tion the  ultimate  unit  strength  di\'ided  by  the  allowable  working 
unit  stress  shall  be  not  less  than  the  values  shown  in  the  follow- 


ing tabulation : 

Wires,  cables  and  conductor  attachments,  2 

Pins, 2 

Pole  line  hardware,  2 

Line  insulators  (mechanical) 3 

Guy  insulators — non-interlocking 3 

Guy  insulators — interlocking,  2 

Guys,  3 

Wooden  poles,  4 

Wooden  crossarms 4 

Structural  steel  poles,  towers  and  crossarms 3 

Reinforced  concrete  poles  and  crossarms, 4 

Foundations  and  anchorages, . 2 


Allowable  working  unit  stresses,  as  given  in  Appendix  F,  are 
derived  by  dividing  generally  approved  ultimate  unit  strengths 
by  the  factors  of  safety  shown  above. 

360.  Other  Construction  Requirements.  Construction  re- 
quirements for  all  crossings,  where  not  covered  by  these  speci- 
fications, shall  be  according  to  the  best  modern  practice. 

ALTERNATE  TYPES  OF  CONSTRUCTION. 

361.  The  following  describes  methods  of  construction  which 
offer  alternatives  to  some  of  the  foregoing  requirements.  Un- 
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less  specifically  excepted  all  the  foregoing  requirements  will 
apply  to  these  types  of  construction. 

362.  Short  Span  Method.  This  method  consists  in  making 
a short  span  at  such  a height  that  the  radial  distance,  from  the 
lowest  insulators  of  the  crossing  span  to  the  nearest  wires  of 
the  span  crossed,  is  greater  than  the  length  of  the  crossing  span. 

Conductors  not  meeting  the  requirements  of  Paragraphs  313 
to  317,  inclusive,  may  be  used,  provided  a grounded  guard  arm 
is  placed  on  each  ot  the  crossing  poles  or  towers  in  such  a 
manner  as  to  prevent  the  upper  wares  in  the  next  adjoining  spans 
from  whipping  back  into  the  wares  crossed  in  case  of  failure 
of  the  upper  wires.  The  requirements  which  may  be  omitted 
when  this  construction  is  used  are  Paragraphs  306,  313  to  317, 
inclusive,  and  319  to  323,  inclusive. 

If  conductors,  which  meet  the  requirements  of  Paragraphs 
313  to  317,  inclusive,  are  used,  and  the  next  adjoining  spans 
to  the  crossing  are  not  less  in  length  than  twice  the  height 
above  ground  of  the  highest  wire  of  the  crossing  spans,  the 
grounded  guard  arms  may  be  omitted. 

To  avoid  the  necessity  for  poles  or  towers  of  excessive  height, 
as  supports  for  the  crossing  span: 

(a)  The  line  crossed  shall  be  built  as  low  as  possible. 

(b)  On  Class  C lines  so  crossed,  the  horizontal  distance  be- 

tween conductors  may  be  reduced  to  permit  the  cross- 
ing poles  or  towers  to  be  placed  nearer  together. 

See  Appendix  G. 

363.  Use  of  Cable.  The  Class  A wires  may  be  carried  in 
aerial,  armored,  or  metal  sheath  cable,  in  which  case  the  re- 
quirements of  the  following  paragraphs  may  be  omitted: 

,307,  310  to  312,  inclusive 
319  to  323,  inclusive 
325,  326  and  327. 

The  vertical  clearance  from  the  cable  to  any  conductor  of 
the  span  crossed  shall  be  not  less  than  forty  (40)  inches. 
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The  provisions  of  Paragraphs  313,  314,  315,  316  and  317  shall 
apply  to  the  supporting  messenger  wire,  but  not  to  the  cable  or 
cable  conductors. 

The  provisions  of  Paragraphs  328,  329  and  330  shall  apply 
where  cable  is  suspended  from-  crossarms  and  not  otherwise. 

The  messenger  and  armor  or  metal  sheath  of  the  cable  shall 
be  permanently  and  effectually  grounded.  The  cable  shall  ex- 
tend at  least  one  span  on  each  side  of  the  crossing.  The  cable 
shall  be  capable  of  withstanding  at  least  twice  the  normal  line 
voltage  betw'een  any  tw'O  conductors,  or  between  any  conductor 
and  the  sheath  or  armor. 

364,  For  cause  shown,  in  special  cases,  the  Commission  may 
afford  relief  from  the  operation  of  these  Regulations  to  any 
particular  public  utility  when  public  convenience  and  safety  will 
not  be  injuriously  affected  thereby,  and  the  welfare  of  such  pub- 
lic utility  wdll  be  subserved  by  modifications  of  any  of  the  fore- 
going Regulations  and  Specifications. 
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SECTION  IV. 

SPECIFICATIONS  FOR  COLLINEAR  CONSTRUCTION 
OF  OVERHEAD  LINES. 

401.  Definition.  The  term  “conflicting  construction”  shall 
be  understood  to  mean  a situation  where  a line  is  built  over, 
under,  or  alongside  another  line,  on  separate  supports  (crossings 
at  an  angle  of  fifteen  (15)  degrees  or  over  excepted)  within  such 
distance  that  failure  of  the  supports  or  attachments  of  one  line 
might  result  in  contact  with  the  attachments  of  the  other  line. 
When  the  conflicting  lines  are  so  situated  that  one  line  is  wholly 
or  partly  over  the  other  line,  the  construction  will  be  designated 
as  “collinear.” 

402.  Scope.  While  the  scope  of  these  specifications  does  not 
include  provisions  covering  conflicting  lines  generally,  it  does 
include  collinear  construction,  and,  as  Sections  II  and  III  are 
primarily  confined  to  angle  crossings,  the  requirements  pertain- 
ing to  collinear  lines  are  given  below. 

403.  Notice  of  Construction.  So  far  as  practicable,  collinear 
construction  shall  be  avoided  except  where  joint  construction 
is  employed.  No  company  shall  construct  a line  collinear  with 
any  existing  line  without  first  giving  the  owner  of  the  existing 
line  notice,  in  writing,  sufficiently  in  advance  to  afford  oppor- 
tunity for  consideration  by  the  interested  companies  of  means 
for  avoiding  the  collinear  condition. 

404.  Conditions.  When  conditions  are  such  that  avoidance 
of  collinear  construction  is  impracticable,  the  line  may  be  built 
subject  to  the  following  conditions: 

(a)  In  case  of  collinear  construction  between  Class  B and 
Class  C lines,  Class  B lines  shall,  where  possible,  oc- 
cupy the  upper  position  and  shall  conform  to  the  re- 
quirements of  Section  II  of  these  specifications,  ex- 
cept as  modified  by  the  following: 
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(i)  The  clearance  between  the  top  wire  of  the  lower  line 
and  the  bottom  wire  of  the  upper  line  shall  not 
be  less  than  forty  (40)  inches,  plus  two  (2)  inches 
for  each  ten  (10)  feet  in  length  of  the  span  of 
the  upper  line  in  excess  of  one  hundred  (100)  feet, 
iii)  The  construction  of  the  line  in  the  lower  position 
shall  be  such  as  to  afford  a clear  climbing  space 
of  at  least  thirty  (30)  inches. 

(b)  In  case  of  collinear  construction  between  Class  A and 

Class  C lines,  Class  A lines  shall,  where  possible,  oc- 
cupy the  upper  position  and  shall  conform  to  the  re- 
quirements of  Section  III,  except  as  modified  by  the 
following ; 

(i)  The  wires  of  the  upper  line  may  be  spliced,  but  the 

ultimate  strength  of  the  splice  shall  be  considered 
as  ten  (10)  per  cent,  less  than  the  average  tested 
strength  of  the  type  of  splice  used. 

(ii)  The  clearance  between  the  top  wire  of  the  lower 

line  and  the  bottom  wire  of  the  upper  line  shall 
not  be  less  than  six  (6)  feet  under  normal  con- 
ditions. 

(iii)  The  construction  of  the  line  in  the  lower  position 

shall  be  such  as  to  afford  a clear  climbing  space 
of  at  least  thirty  (30)  inches. 

(iv)  Lightning  protection  wires  shall  be  grounded  at 

least  as  frequently  as  in  other  portions  of  the  line. 

(c)  Where  it  is  not  possible  for  the  Class  A or  Class  B lines 

to  occupy  the  upper  position,  the  conductors  occupying 
the  upper  position  shall  be  considered,  insofar  as  me- 
chanical strength  of  construction  is  concerned,  as 
included  in  the  class  of  power  circuits  of  the  highest 
voltage  below  them. 

405.  For  cause  shown,  in  special  cases,  the  Commission  may 
afford  relief  from  the  operation  of  these  Regulations  to  any 
particular  public  utility  when  public  convenience  and  safety  will 
not  be  injuriously  affected  thereby,  and  the  welfare  of  such 
public  utility  will  be  subserved  by  modifications  of  any  of  the 
foregoing  Regulations  and  Specifications. 
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SECTION  V. 

SPECIFICATIONS  FOR  THE  CONSTRUCTION  OF  OVER- 
HEAD CROSSINGS  OF  COMMUNICATION  LINES 
OVER  RAILROADS. 

SCOPE. 

501.  These  specifications  apply  to  crossings  of  Class  C and 
Class  P lines  over  tracks  of  railroads  and  their  associated  Class 
C or  Class  P wire  lines  in  the  same  span.  If  Class  C or  Class  P 
lines  cross  Class  A,  B,  or  D lines  and  railroad  tracks  in  the  same 
span,  the  Class  C or  Class  P lines  shall,  where  practicable,  be 
below  the  Class  A,  B or  D lines;  however,  if  necessary  for  Class 
C or  Class  P lines  to  cross  over  railroad  tracks,  and  Class  A,  B 
or  D lines  in  the  same  span,  the  crossing,  insofar  as  mechanical 
strength  of  construction  is  concerned,  shall  be  in  accordance 
with  Section  VI. 


GENERAL. 

502.  Location  of  Poles.  The  poles  supporting  the  crossing 
span  and  the  next  adjoining  span,  where  practicable,  shall  be 
located  in  a straight  line. 

503.  Falling  Trees.  The  crossing  span  and  the  next  adjoin- 
ing spans,  so  far  as  practicable,  shall  be  kept  free  from  trees 
which  might  fall  into  the  line. 

504.  Fire  Hazard.  The  poles  of  the  crossing  span,  so  far  as 
practicable,  shall  be  located  away  from  inflammable  material  or 
structures. 

505.  Length  of  Span.  The  length  of  the  crossing  span  shall 
be  as  short  as  practicable,  and  in  general  shall  not  be  greater 
than  the  normal  span  of  the  line.  No  crossing  span  should  ex- 
ceed 150  feet  in  length.  The  length  of  the  next  adjoining  spans, 
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where  practicable,  shall  be  not  greater  than  one  and  one-half 
(1^)  times  the  length  of  the  crossing  span. 

506.  Grading.  Whenever  practical)le,  the  difference  in  ele- 
vation of  the  wire  supports,  at  the  crossing  poles  and  the  poles 
next  adjacent,  shall  not  be  greater  than  five  (5)  feet.  It  is  de- 
sirable that  this  difference  of  elevation  be  less  than  five  (5)  feet. 

CLEARANCES. 

507.  Clearance  of  Poles.  Unless  physical  conditions  or 
municipal  requirements  prevent,  the  side  clearance  between  the 
poles  of  the  crossing  span  and  the  nearest  track  rail  shall  not 
be  less  than  twelve  (12)  feet,  except  that  at  sidings  a clearance 
of  not  less  than  seven  (7)  feet  may  l:)e  allowed.  At  loading 
sidings  sufficient  space  shall  be  left  for  a driveway. 

508.  The  poles  of  the  line  making  a crossing  shall  be  so  lo- 
cated that  no  interference  with  the  e.xisting  lines,  or  with  the  free 
use  of  the  poles,  shall  result. 

509.  Clearence  Over  Rails.  The  vertical  clearance  between 
the  conductors  of  the  crossing  span  and  the  top  of  the  rail  shall, 
under  normal  conditions  (sixty  (60)  degrees  Fahrenheit  and  no 
wind  or  ice  loading),  be  not  less  than  twenty-seven  (27)  feet. 

510.  Clearance  Over  Wires.  The  vertical  clearance  l)etween 
conductors  of  the  crossing  span  and  conductors  of  the  span 
crossed,  where  carried  on  separate  poles,  shall  under  normal 
conditions  (sixty  (60)  degrees  Fahrenheit  and  no  wind  or  ice 
loading),  be  not  less  than  four  (4)  feet.  ■ 

511.  Spacing  of  Conductors.  The  separation  of  conductors 
in  the  crossing  span  shall  preferably  be  not  less  than  twelve  ( 12) 
inches,  but  in  no  case  less  than  six  (6)  inches.  Not  more  than 
ten  (10)  wires  shall  be  supported  by  one  set  of  double  arms. 

512.  Vertical  Spacing  of  Conductors.  The  ^•ertical  clearance 
between  conductors  supported  on  the  same  pole  or  structure 
shall  preferably  be  twenty-four  (24)  inches,  but  in  no  case  less 
than  twelve  (12)  inches. 

NOTE: — The  requirements  of  Paragraphs  511  and  512  do  not  apply 
to  conductors  in  cable  or  to  twisted  pair  wires. 
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POLES. 

513,  Quality  of  Poles.  Wooden  poles  supporting  the  cross- 
ing span  shall  be  of  chestnut,  or  other  selected  timber,  and  shall 
be  sound  and  reasonably  straight.  They  shall  conform  to  the 
specifications  for  the  proper  class,  as  given  in  Appendix  B.  The 
several  classes  shall  be  used  as  follows ; 

For  poles  carrying  not  over  20  wires — Class  C poles; 

For  poles  carrying  more  than  20,  and  not  more  than  40, 
wires — Class  B poles  ; 

For  poles  carrying  more  than  40,  and  not  more  than  80, 
wires — Class  A poles. 

514.  Pole  Settings  or  Foundations.  Poles  shall  be  set  in 
the  ground  to  depths  not  less  than  those  shown  in  the  following 
tabulation : 


Length  of  Poles 

Depth  in  Earth 

(Feet) 

(Feet) 

20 

5.0 

22 

5,0 

25 

5.5 

30 

6 0 

35 

6.0 

40 

6.5 

45 

7.0 

50 

7.0 

■55 

7.5 

60 

7.5 

515,  Where  the  poles  are  set  in  rock  the  depth  of  setting 
may  be  decreased  depending  upon  its  character,  but  this  depth 
shall  be  not  less  than  four  (4)  feet.  By  “length  of  pole”  is 
meant  the  total  length  of  the  pole  and  not  the  height  of  the  pole 
above  the  ground. 

516.  Where  located  in  soft  or  swampy  ground  the  setting 
of  poles  shall  be  suitably  reinforced.  This  may  be  done  by 
setting  in  barrels  of  broken  stone  or  gravel,  or  in  stone  or  tim- 
ber footings,  or  by  any  other  equally  effective  method. 
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517,  Where  located  in  the  sides  of  banks  of  where  subject 
to  washouts,  foundations  or  pole  settings  shall  be  given  addi- 
tional depth  or  protected  by  cribbing  or  riprap. 

518,  Back  fillings  for  foundations  or  pole  settings  shall  be 
carefullly  tamped  or  otherwise  thoroughly  compacted  while 
being  placed. 

519,  Identification.  For  the  purpose  of  identification  poles 
shall  be  plainly  marked  with  the  name,  initials  or  trade-mark  of 
the  owmer  of  the  poles. 


GUYING. 

520.  Guying  Required.  The  poles  supporting  the  crossing 
span  shall  be  head  guyed  aw'ay  from  the  crossing  span  and  side 
guyed  in  each  direction.  The  number  and  size  of  guys  shall  be 
not  less  than  given  in  the  following  table : 


NUMBER  AND  NOMINAL  TENSILE 


NUMBER  OF  WIRES 

STRENGTH 

OF  GUYS 

IN 

CROSSING  SPAN 

Head  Guys 

Side  Guys  (in 

each  direction) 

1 

to  10  wires 

1— 

■ 6,000 

lb. 

strand 

1—  6,000 

lb.  strand 

11 

“ 20  “ 

1— 

• 6,000 

u 

tt 

1—  6,000 

it  ti 

21 

“ 30  “ 

1— 

-10,000 

(< 

i t 

1—  6,000 

tl  it 

31 

“ 40  “ 

2— 

- 6,000 

(< 

strands 

1—10,000 

a 

41 

“ 50  “ 

1- 

-16,000 

(( 

strand 

1—10,000 

(t  u 

51 

“ 60  “ 

2— 

-10,000 

(( 

strands 

1—16.000 

a « < 

61 

“ 70  “ 1 

1- 

-16,000 

strand 

1— 

-10,000 

It 

(i 

1—16,000 

a n 

71 

“ SO  “ 

2— 

-16,000 

It 

strands 

2—10,000 

“ strands 

521.  Location  of  Anchors.  Guy  anchors  shall,  where  pos- 
sible, be  located  so  that  the  horizontal  distance  from  the  ground 
line  of  the  pole  to  the  guy  or  guy  rod  will  be  not  less  than  the 
height  above  ground  of  the  attachment  of  the  guy  to  the  poles, 
for  head  guys,  and  not  less  than  one-third  (1  that  height,  for 
side  guys.  Wdiere  the  anchor  for  the  head  guy  is  located  nearer 
to  the  pole  than  this  distance,  the  amount  of  guying  shall  be  in- 
creased to  provide  equivalent  strength. 
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522.  A different  arrangement  and  number  of  guys  than  speci- 
fied in  Paragraph  520  may  be  used  provided  equivalent  strength 
is  obtained. 

523.  Location  of  Guy  Attachments  to  Poles.  On  poles  carry- 
ing one  or  twm  crossarms  both  head  and  side  guys  shall  be  at- 
tached under  the  upper  crossarms.  On  poles  carrying  more 
than  two  crossarms  the  first  head  guy  shall  be  attached  below 
the  second  crossarm  and  successive  head  guys  under  the  fourth 
and  sixth  crossarms.  On  poles  carrying  more  than  two  cross- 
arms  side  guys  shall  be  attached  below  the  second  crossarm. 

524.  Alternative  Method  of  Guying.  Where  on  account  of 
physical  conditions  it  is  impracticable  to  guy  the  crossing  poles 
as  specified  in  Paragraph  520,  the  requirements  of  this  para- 
graph may  be  met  by  head  guying  and  side  guying  the  line  as 
near  as  practicable  to  the  crossing,  but  at  a distance  not  exceed- 
ing 500  feet  from  the  nearest  crossing  pole,  provided  ; that  a 
strand  of  strength  equivalent  to  the  head  guy  is  run  between 
the  two  guyed  poles,  being  attached  to  the  guyed  poles  at  the 
point  at  which  the  head  guys  are  attached,  this  strand  being 
securely  attached  to  every  pole  between  the  guyed  poles. 

525.  Where  the  poles  supporting  the  crossing  span  are  not 
in  line  with  the  poles  in  the  adjoining  spans,  additional  guying 
shall  be  placed  to  take  care  of  the  increased  strain. 

526.  Pole  Braces.  Braces  may  be  used  instead  of  guys  to 
obtain  the  reinforcement  above  specified. 

527.  Material  for  Guys.  Guys  shall  be  of  galvanized  or 
copper  covered  stranded  steel  cable  or  rolled  rods  and  must  have 
a minimum  nominal  diameter  of  five-sixteenths  (5/16)  inch. 

528.  Anchorage.  Guys  to  ground  shall  be  connected  to  an 
anchor  rod  of  such  length  that  the  eye  of  the  rod  shall  be  above 
the  surface  of  the  ground.  Rods  with  a diameter  of  less  than 
one  (1)  inch  shall  be  galvanized. 

529.  Guy  Stubs.  Guy  stubs  or  poles  may  be  used  in  place 
of  anchors  provided  the  same  amount  of  reinforcement  is  ob- 
tained by  their  use. 
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530.  Anchor  Logs.  Anchor  logs  for  use  with  different  sizes 
of  guy  strand  shall  be  of  the  dimensions  and  shall  be  set  to  the 
depths  given  in  the  following  table : 


Komlnal  Tensile 

Strength  of  Minimum  Depth 
Guy  Strand  of  Excavation 


6,000  lb.  4 ft. 

10.000  “ 5 “ 

16.000  “ 5 “ 


Mi  nimum  Xength  and 
Width  of  Round  Logs 

3 ft.  X 6 in. 

4 “ X 7 “ 

6 “ X 8 “ 


Minimum  Length  and 

Width  of  Split  Logs 

3 ft.  X 8 in. 

4 “ X 10  “ 

6 “ X 12  “ 


531.  The  above  sizes  of  logs  and  depths  of  setting  apply 
to  soil  of  average  compactness.  In  loose  sandy  soil  the  depth 
of  setting  or  the  length  of  the  logs  shall  be  adequately  increased. 


CROSSARMS. 

532.  Crossarms.  'V\Toden  crossarms  carrying  the  crossing 
span  shall  be  of  long-leaf  yellow  pine,  fir  or  other  suitable 
timber  and  shall  have  a minimum  section  of  three  (3)  inches 
by  four  and  one-quarter  (4;^)  inches.  Galvanized  or  painted 
iron,  gr  steel  crossarms,  of  equal  strength  may  be  used. 

533.  Crossarms  shall  be  double  on  the  crossing  poles  and 
shall  be  held  together  with  properly  fitted  spacing  blocks  or 
bolts  placed  immediately  adjoining  the  outside  pins.  Both 
crossarms  shall  be  properly  fitted  in  gains  and  held  in  place 
by  not  less  than  one  five-eights  (f)  inch  through  bolt.  Both 
arms  shall  be  fitted  with  galvanized  iron  or  steel  braces  not 
less  than  three-sixteenths  (3/16)  inch  by  one  and  three-six- 
teenths (1  3/16)  inches  by  twenty-six  (26)  inches  long  which 
shall  be  attached  to  the  crossarms  by  a lag  screw  not  less  than 
two  and  one-quarter  (2^)  inches  by  three-eighths  (§)  inch  or  a 
carriage  bolt  not  less  than  four  (4)  inches  by  three-eighths  (f) 
inch  and  to  the  pole  by  a fetter  drive  screw  or  lag  screw  not 
less  than  four  (4)  inches  by  one-half  (^)  inch  or  by  not  less 
than  a one-half  (4)  inch  through  bolt, 

PINS. 

534.  Pins.  Insulator  pins  shall  be  of  steel,  wrought-iron. 
malleable  iron,  or  locust  wood.  Locust  pins  shall  be  sound, 
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straight-grain  locust,  with  a minimum  diameter  of  shank  of 
one  and  one-quarter  (1|)  inches  and  a maximum  length  of  eight 
(8)  inches.  Steel  or  iron  pins  shall  have  a minimum  diameter 
of  shank  of  one-half  (-1)  inch  and  a maximum  length  of  eight 
and  three-quarter  (8|)  inches. 

INSULATORS. 

535.  Insulators.  Each  insulator  shall  be  of  such  pattern, 
design  and  material  that  when  mounted  it  will  withstand  with- 
out injury  or  without  being  pulled  off  the  pin,  the  ultimate 
strength  of  the  conductor  attached  to  the  insulator. 

CONDUCTORS. 

536.  Material  of  Conductors.  Conductors  shall  be  of  copper, 
copper  covered  steel,  galvanized  steel,  or  other  corrosive  resist- 
ing metal,  provided  however,  that  galvanized  steel  shall  not  be 
used  in  localities  subject  to  excessive  coal  gases  or  other  con- 
ditions which  would  cause  excessive  corrosion. 

537.  Size  of  Conductors.  The  minimum  allowable  sizes  for 
conductors  of  the  crossing  span  and  adjoining  spans  are  as 
follows : 

Copper. 

Spans  125  ft.  or  less  No.  10  A.  W.  Guage 
“ 126  ft  to  150  ft.  No.  9 

Galvanized  Steel. 

Spans  125  ft.  or  less  No.  10  B.  W.  Gauge 
“ 126  ft  to  150  ft.  No.  8 

If  spans  in  excess  of  150  feet  are  necessary,  the  size  of  con- 
ductor specified  above  shall  be  increased. 

538.  Conductors  of  material  other  than  copper  shall  be  of 
such  size  and  so  erected  as  to  have  a mechanical  strength  not 
less  than  that  of  the  sizes  of  copper  conductors  given  above. 

539.  The  use  of  twisted  pair  wires  without  a messenger  wire 
support  shall  be  eliminated  as  far  as  practicable.  In  no  case 
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shall  this  kind  of  wire  be  used  in  spans  longer  than  one  hun- 
dred (100)  feet  without  a messenger  wire  support.  Each  wire 
of  a twisted  pair  not  supported  by  a messenger  wire  shall  be 
tinned  hard  drawn  copper  not  smaller  than  No.  14  A W.  Gauge 
or  tinned  copper  covered  steel  not  smaller  than  No.  17  A.  \V. 
Gauge. 

540.  Sag  of  Conductors.  Conductors  of  the  crossing  span 
shall  be  strung  with  sags  not  less  than  shown  in  the  tables  given 
in  Appendix  A. 

541.  Splices  in  Conductors.  The  conductors  in  the  crossing 
span  shall  be  free  from  splices  or  taps. 

542.  Conductor  Attachments.  Each  conductor  shall  be  at- 
tached to  its  insulators  by  tie  wires.  Copper  and  steel  wires 
shall  be  tied  to  the  insulators  in  the  manner  shown  in  Appendix 
H.  Tie  wires  for  copper  or  copper  covered  steel  wires  shall  be 
of  the  same  gauge  as  the  line  wire  and  of  soft  copper  or  of  hard 
drawn  copper  which  has  been  thoroughly  annealed.  Tie  wires 
for  steel  line  wire  shall  be  of  soft  iron  or  steel  and  of  the  same 
gauge  as  the  line  wire  up  to  and  including  No.  9 B.  W.  Gauge. 
Tie  wires  for  No.  8 B.  W.  Gauge  steel  line  wire  or  larger  shall 
not  be  smaller  than  No.  9 B.  W.  Gauge. 

CABLES. 

543.  Strand  for  Supporting  Cables.  Galvanized  steel  strand 
cable  having  a breaking  strength  of  not  less  than  6,000  pounds 
shall  be  used  to  support  cable  of  fifty  (50)  pairs  of  No.  19  A.  W. 
Gauge  copper  conductors  or  their  equivalent  and  smaller;  or  not 
less  than  10,000  pounds  breaking  strength  for  cables  in  excess 
thereof  up  to  100  pairs  of  No.  19  A.  W.  Gauge  copper  conductors 
or  their  equivalent ; and  not  less  than  16,000  pounds  breaking 
strength  for  cables  containing  more  than  100  pairs  No.  19  A.  W. 
Gauge  copper  conductors  or  their  equivalent.  Not  more  than 
two  messenger  wires  for  supporting  cable  shall  be  attached  to 
either  pole  of  the  crossing  span. 

544.  Sag  of  Strand  Supporting  Cables.  Cables  shall  be  sus- 
pended with  a minimum  sag  as  follows ; 
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Span  in  Feet 

Minimum  Sag  in  Inches 

80  or  less 

16 

90 

20 

100 

22 

110 

26 

120 

30 

130 

34 

140 

40 

150 

44 

175 

62 

545.  Attaching  Cables  to  Messengers.  Cables  shall  be  at- 
tached to  messenger  wire  supports  by  means  of  galvanized  metal 
rings  or  hangers,  or  marline,  or  marline  hangers.  The  method 
of  attachment  shall  be  such  as  to  develop  the  full  strength  of 
the  messenger  wire. 

GALVANIZED  MATERIAL. 

546.  Galvanizing.  Galvanized  material  shall  meet  the  re- 
quirements specified  by  the  National  Electric  Light  Association 
or  other  standards  generally  sanctioned  by  good  modern  prac- 
tices. 

Sherardizing  of  small  parts  is  permitted. 

All  holes  in  galvanized  material  shall  be  made  before  gal- 
vanizing. 

OTHER  CONSTRUCTION  REQUIREMENTS. 

547.  Auxiliary  construction,  such  as  guy  attachments  to  poles, 
guy  clamps,  anchorages,  etc.,  not  definitely  covered  by  these 
specifications,  shall  be  of  such  design  and  strength  as  to  develop 
the  full  strength  of  that  member  of  which  they  are  a part. 

548.  Construction  requirements  not  covered  by  these  specifi- 
cations shall  be  according  to  the  best  modern  practice. 

549.  For  cause  shown,  in  special  cases,  the  Commission  may 
afford  relief  from  the  operation  of  these  Regulations  to  any  par- 
ticular public  utility  when  public  convenience  and  safety  will 
not  be  injuriously  affected  thereby,  and  the  welfare  of  such  pub- 
lic utility  will  be  subserved  by  modifications  of  any  of  the  fore- 
going Regulations  and  Specifications. 
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SECTION  VI. 

SPECIFICATIONS  FOR  THE  CONSTRUCTION  OF  OVER- 
HEAD CROSSINGS  OF  POWER  LINES 
OVER  RAILROADS. 

SCOPE. 

601.  These  specifications  apply  to  crossings  of  Class  A,  B 
and  D lines  over  tracks  of  railroads,  and  over  their  associated 
paralleling  wire  lines  located  on  the  same  right-of-way ; also  in 
respect  to  mechanical  strength  of  construction  to  crossings  of 
Class  C and  Class  P lines  over  railroad  tracks  and  over  Class 
A,  B or  D wires  in  the  same  span. 


GENERAL. 

602.  Position  at  Crossings.  At  crossings,  conductors  should 
generally  be  arranged  in  the  order  of  the  operating  voltage, 
conductors  of  greatest  voltage  occupying  the  highest  position, 
with  the  exception  of  trolley  contact  wires,  which  must  neces- 
sarily occupy  the  lowest  position,  and  trolley  feeders  which,  for 
practical  purposes,  are  generally  run  in  approximately  the  same 
horizontal  plane  as  the  trolley  contact  wires  to  which  they  con- 
nect. 

In  crossing  over  trolley  wires  and  feeders,  or  where  it  is  im- 
practicable to  have  the  higher  voltage  wires  above,  the  con- 
ductors occupying  the  upper  position  shall  be  considered,  inso- 
far as  mechanical  strength  of  construction  is  concerned,  as  in- 
cluded in  the  class  of  power  circuits  of  the  highest  voltage  below 
them. 

603.  Location  of  Poles.  The  poles  or  towers  supporting  the 
crossing  span  and  the  next  adjoining  spans,  where  practicable, 
shall  be  located  in  a straight  line. 
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604.  Falling  Trees.  The  crossing  span  and  the  next  adjoin- 
ing spans,  so  far  as  practicable,  shall  be  kept  free  from  trees 
which  might  fall  into  line. 

605.  Fire  Hazard.  The  poles  or  towers  of  the  crossing  span, 
so  far  as  practicable,  shall  be  located  away  from  inflammable 
material  or  structures. 

606.  Length  of  Span.  The  length  of  the  crossing  span,  where 
practicable,  shall  be  not  greater  than  the  normal  span  of  the 
line,  and  the  length  of  the  next  adjoining  span,  where  practic- 
able, shall  be  not  greater  than  one  and  one-half  (1^)  times  the 
length  of  the  normal  span. 

CLEARANCES. 

607.  Side  Clearance.  Unless  physical  conditions  or  muni- 
cipal requirements  prevent,  the  side  clearance  between  supports 
of  the  crossing  span  and  the  nearest  track  rail  shall  not  be  less 
than  twelve  (12)  feet,  except  that  at  sidings  a clearance  of  not 
less  than  seven  (7)  feet  may  be  allowed.  At  loading  sidings 
sufficient  space  shall  be  left  for  a driveway. 

608.  Overhead  Clearance  from  Rail.  The  vertical  clearance 
between  the  conductors  of  the  crossing  span  and  the  top  of  the 
rail  shall  be,  under  normal  conditions  (sixty  (60)  degrees  Fahr- 
enheit and  no  wind  or  ice  load),  not  less  than  the  following; 

(a)  Where  the  distance  between  the  crossing  supports  does 

not  exceed  150  feet,  twenty-six  (26)  feet  plus  the  mini- 
mum separation  between  conductors'  as  tabulated  in 
Paragraph  612. 

(b)  Where  the  distance  between  the  crossing  supports  ex- 

ceeds 150  feet,  clearance  as  specified  in  (a),  above, 
shall  be  increased  two  (2)  inches  for  each  ten  (10) 
feet  in  length  of  crossing  span  in  excess  of  150  feet. 

(c)  Trolley  contact  wires  and  trolley  feeders  are  excepted 

from  the  above.  The  minimum  clearance  for  trolley 
contact  wires  shall  be  twenty-two  (22)  feet  and  for 
trolley  feeders  twenty-five  (25)  feet. 
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609.  Overhead  Clearance  from  Wire  Lines.  The  vertical 
clearance  between  conductors  of  the  crossing  span  and  conduc- 
tors of  the  associated  paralleling  wire  lines  of  the  railroad 
crossed,  where  carried  on  separate  poles,  shall  be,  under  normal 
conditions  (sixty  (60)  degrees  Fahrenheit,  and  no  wind  or  ice 
loading),  not  less  than  the  sum  of  the  values  of  (a)  and  (b) 
determined  as  below,  but  in  no  case,  where  voltage  is  more  than 
7.500,  less  than  six  (6)  feet. 

(a)  One-tenth  (1/10)  of  a foot  for  each  kilo-volt,  with  a 

minimum  value  of  four  (4)  feet. 

(b)  Two  (2)  inches  for  each  ten  (10)  feet  of  the  total  dis- 

tance obtained  by  adding  together  the  distance  from 
the  point  of  crossing  to  the  nearest  pole  supporting 
the  crossing  span,  and  the  distance  from  the  point  of 
crossing  to  the  nearest  pole  supporting  the  span 
crossed. 

NOTE: — Where  conductors  of  Class  D-2  are  involved,  the  con- 
ductors of  the  crossing  span  shall  be  sufficiently  raised 
above  Class  D-2  wires,  or  otherwise  protected  to  guard 
against  damage  from  contact  with  trolley  poles  which 
may  leave  the  trolley  contact  wires. 

610.  Clearance  of  Poles.  The  poles  of  the  line  making  a 
crossing  shall  be  so  located  that  no  interference  with  the  exist- 
ing lines,  or  with  the  free  use  of  the  poles  of  either  line,  shall 
result. 

611.  Clearance  of  Guys.  The  clearance,  under  normal  con- 
ditions, between  conductors  of  one  line  and  guy  wires  of  an- 
other line,  where  practicable,  shall  be  not  less  than  one-tenth 
(1/10)  foot  for  each  kilo-volt  with  a minimum  of  four  (4)  feet, 

612.  Spacing  of  Conductors.  The  minimum  separation  in 
any  direction,  at  the  points  of  support,  for  power  conductors 
carrying  a difference  of  potential  and  supported  on  pin  type  in- 
sulators, shall  be  one  (1)  inch  for  each  twenty  (20)  feet  of  span, 
and  one  (1)  inch  additional  for  each  foot  of  normal  sag.  but  in 
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no  case  shall  the  separation  be  less  than  that  shown  in  the  fol- 
lowing table : 


VOLTAGE  BETWEEN  CONDUCTORS 


Exceeding: 

Not  Exceeding 

Separation 

7,000 

12  in. 

7,000 

14,000 

20  in. 

14,000 

27,000 

30  in. 

27,000 

35,000 

36  in. 

35,000 

47,000 

45  in. 

47,000 

70,000 

60  in. 

70,000 

60  in.  plus  0.6  in.  per  k.v. 

in  excess  of  70. 


Where  supported  by  insulators  of  the  disc  or  suspension  type, 
the  minimum  separation  of  conductors  shall  be  increased  by 
tw'enty-five  (25)  per  cent.,  unless  dead  ended  or  otherwise  pre- 
vented from  swinging. 

NOTE: — The  separations  specified  in  this  paragraph  do  not  apply 
to  pole  wiring. 

613.  Clearance  between  Conductors  and  Supports.  Clearance 
between  any  power  conductor,  or  live  hardw’are,  and  any  portion 
of  the  supporting  structure  (insulator  pins  not  included),  shall 
not  be  less  than  three  (3)  inches,  plus  twenty-five  hundredths 
(0.25)  of  an  inch  for  each  kilo-volt  in  excess  of  seven  (7).  For 
conductors  supported  by  suspension  or  disc  type  insulators  and 
not  dead  ended  at  the  pole  structure,  or  otherwise  prevented 
from  swinging,  clearance  as  above  shall  be  figured  on  the  as- 
sumption that  the  maximum  deflection  of  the  supporting  insu- 
lators is  forty-five  (45)  degrees  from  the  vertical. 

614.  Gain  Spacing,  In  no  case  shall  the  gain  spacing  be- 
tw'een  crossarms  (buck, arms  excepted),  be  less  than  twenty-four 
(24)  inches. 

CONDUCTORS. 

615.  Material  of  Conductors,  Conductors  shall  be  of  copper, 
copper-covered  steel,  aluminum,  galvanized  steel,  or  other  cor- 
rosion resisting  material,  provided,  however,  that  galvanized 
steel  shall  not  be  used  in  localities  subject  to  excessive  coal 
gases,  or  other  conditions  which  would  cause  unusual  corrosion. 
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616.  Size  of  Conductors.  The  minimum  allowable  sizes  for 
conductors  of  the  crossing  and  adjoining  spans  are  as  follows: 

Copper  or  Copper-covered  Steel 

Spans  less  than  150  feet.  No.  6 Am.  Wire  Gauge 
Spans  150  feet  and  over  No.  4 “ “ “ 

Aluminum  No.  1 

Galvanized  Steel  5/16  in.  diameter. 

617.  All  aluminum  and  galvanized  steel  conductors  shall  be 
stranded. 

NOTE: — The  information  available  at  present  is  not  sufficient  to 
show  conclusively  the  relative  reliability  of  stranded 
and  solid  copper  conductors.  Information  is  being  col- 
lected on  this  subject  and,  until  these  data  are  available, 
no  requirement  as  to  the  use  of  stranded  or  solid  copper 
conductors  is  considered  advisable. 

618.  Sag  of  Conductors.  Conductors  of  the  crossing  and 
adjoining  spans  shall  be  strung  with  at  least  such  sags  as  to 
withstand,  with  the  designated  factor  of  safety  (Paragraph  661), 
the  stresses  due  to  the  specified  loading  (Paragraph  658).  See 
Appendix  C for  table  of  sags. 

619.  Splices  in  Conductors.  The  conductors  in  the  crossing 
span  shall  be  free  from  splices  or  taps.  If  a splice  or  tap  is 
employed  in  any  conductor  in  the  next  adjoining  span,  it  shall 
be  placed  at  a point  nearer  the  crossing  support  than  the  dis- 
tance from  the  crossing  support  of  that  conductor  to  the  nearest 
wire  crossed. 

NOTE: — Where  crossing  is  made  under  e.xisting  wires,  the  above 
requirement  regarding  splices  may  be  waived  with  the 
consent  of  all  parties  in  interest. 

LIGHTNING  PROTECTION  WIRES. 

620.  Lightning  Protection  Wires.  Lightning  protection 
wires  or  cables,  if  used,  shall  conform  to  the  requirements  of 
specifications  for  conductors  (Paragraphs  615,  616,  617,  618 
and  619).  When  such  wires  are  not  connected  to  thoroughly 
grounded  steel  structures,  they  shall  be  permanently  connected 
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to  ground,  at  each  crossing  pole  or  tower,  by  a wire  with  a 
conductivity  not  less  than  No.  4 A.  W.  G.  copper.  The  ground 
wire  shall  be  connected  directly  to  the  lightning  protection  wire 
and  to  a well-made  ground,  and  the  course  of  this  ground  con- 
nection shall  be  as  straight  as  possible, 

INSULATORS. 

621.  Material  of  Insulators.  Insulators  on  power  lines  shall 
be  of  porcelain,  or  other  material  which  can  be  shown,  to  the 
satisfaction  of  the  parties  in  interest,  to  be  equally  good  in  re- 
spect to  mechanical  and  electrical  requirements  and  durability. 

622.  Design  of  Insulators.  Insulators  shall  be  so  designed 
that  their  dry  flash-over  is  not  more  than  seventy-five  (75)  per 
cent,  of  their  puncture  voltage,  at  a frequency  of  sixty  (60) 
cycles. 

623.  Factor  of  Safety  of  Insulators.  Insulators  supporting 
the  crossing  and  adjoining  spans  shall  be  capable  of  withstand- 
ing, without  flash-over,  at  a frequency  of  sixty  (60)  cycles,  the 
normal  circuit  voltage  multiplied  by  the  following  factors : 


VOLTAGE 

Exceeding 

OF  CIRCUIT 

Not  Exceeding: 

Dry 

FACTOH 

Wet 

9,000 

6.0 

4.0 

9,000 

14,000 

5.3 

3.5 

14,000 

27,000 

4.5 

3.0 

27,000 

35,000 

3.9 

2.6 

35,000 

47,000 

3.6 

2.4 

47,000 

60,000 

3.3 

2.2 

60,000 

3.0 

2.0 

By  the  term  “wet”  is  meant  a condition  equivalent  to  a preci- 
pitation of  one-fifth  (1/^5)  inch  of  rain  per  minute  at  an  angle 
of  forty-five  (45)  degrees  to  the  axis  of  the  insulator. 

624.  Tests.  Each  completed  pin  type  insulator  for  line  volt- 
ages over  15,000,  and  each  completed  suspension  insulator  disc, 
shall  be  subjected  to  a routine  factory  test  at  dry  flash-over 
voltage,  at  a frequency  of  sixty  (60)  cycles  for  five  (5)  conse- 


59 


Sec.  VI. 


cutive  minutes,  or  any  other  test  which  may  be  generally  sanc- 
tioned by  good  modern  practice. 

625.  Voltage  Measurements.  Test  voltages  shall  be  deter- 
mined by  methods  conforming  to  the  standards  of  the  American 
Institute  of  Electrical  Engineers. 

626.  Strain  Insulators.  Strain  insulators,  when  used  in  guys, 
shall  meet  the  following  mechanical  and  electrical  requirements : 

(a)  Strain  insulators  shall  be  capable  of  withstanding  the 

maximum  mechanical  stress  to  which  the  guy  of  which 
they  are  a part  may  be  subjected,  with  the  factors  of 
safety  given  in  Paragraph  661. 

(b)  Strain  insulators  installed  in  guys  shall  be  capable  of 

withstanding,  without  puncture  or  flash-over,  twice 
the  maximum  line  voltage  carried  on  either  pole  to 
which  the  guy  is  attached. 

CONDUCTOR  ATTACHMENTS. 

627.  Pins.  Insulator  pins  shall  be  of  steel,  wrought-iron  or 
malleable  iron,  and  shall  be  galvanized.  Cast-iron  pin  bases 
may  be  used.  Pins  of  locust  wood  may  be  used,  provided  condi- 
tions are  such  that  digestion  or  rapid  deterioration  of  wood  pins 
does  not  occur. 

628.  Strength  of  Pins,  Insulators  and  Fastenings.  Insula- 
tors, pins  and  conductor  fastenings  (including  clamps,  ties  and 
dead-ends),  carrying  the  crossing  span,  shall  be  designed 

(a)  To  withstand,  with  the  designated  factors  of  safety 

(Paragraph  661),  the  stresses  produced  by  the  con- 
ductor under  the  specified  loading  (Paragraph  658). 

(b)  To  withstand,  with  the  designated  factors  of  safety 

(Paragraph  661),  the  stress  due  to  the  pull  in  one 
direction  of  the  conductor  supported, — the  pull  being 
taken  as  the  tension  in  the  conductor  due  t'o  the  speci- 
fied load  (Paragraph  658). 

A longitudinal  movement  of  the  conductor  will  be  permitted, 
provided  this  movement  will  not'  reduce  the  designated  clear- 
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ances  at  the  point  of  crossing  (Paragraphs  608  and  609),  by 
more  than  twenty-five  (25)  per  cent,  of  the  clearance  required 
in  Paragraph  609.  In  the  calculation  of  stress,  no  allowance 
shall  be  made  for  deformation,  deflection  or  displacement  of  any 
part  of  the  structure. 

Method  of  Attaching  Conductors  to  Insulators.  When  the 
stress  in  the  conductor,  under  the  specihed  loading  (Paragraph 
658),  does  not  exceed  2,000  pounds,  the  method  of  attaching  con- 
ductors to  double  pin  type  insulators  by  tie  wires,  as  shown  in 
Appendix  D,  Figure  1,  may  be  used  to  meet  the  requirements 
of  this  paragraph. 

When  the  stress  in  the  conductor,  under  the  specified  loading 
(Paragraph  658),  exceeds  2,000  pounds,  or  when  conditions  are 
such  that  suspension  or  disc  type  insulators  are  desirable,  a 
method  of  attaching  conductors,  satisfactory  to  all  parties  in 
interest,  shall  be  used. 

For  suggested  methods,  see  Appendix  D. 

629.  Special  Protection  at  Insulator.  Where  metal  pins  are 
used  at  either  of  the  two  crossing  supports,  or  where  wood  pins 
are  used  and  the  crossarms  are  grounded  (wood  pins  and  non- 
grounded  construction  being  generally  used  in  other  parts  of 
the  line),  the  insulators  used  on  such  metal  or  grounded  sup- 
ports shall  have  an  electrical  factor  of  safety  fifty  (50)  per  cent, 
greater  than  at  other  parts  of  the  line,  but  in  no  case  less  than 
as  specified  in  Paragraph  623. 

As  an  alternative,  the  conductors,  at  their  points  of  attach- 
ment to  the  insulators  at  the  crossing  span,  may  be  protected  by 
arcing  shields  as  shown  in  Appendix  D. 

NOTE: — The  purpose  of  the  foregoing  requirements,  described  in 
Paragraphs  628  and  629,  is  to  guard  against  the  failure 
of  the  construction  due  to  any  of  the  following  acci- 
dental conditions : 

I.  Mechanical  Failures. 

(a)  Failure  due  to  the  stresses  produced  by  the  conductors  under 
the  specified  loading  (Paragraph  658). 
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(b)  Failure  due  to  unbalanced  stresses  in  conductors,  resulting 

from  conductor,  insulator,  pin,  or  conauctor  fastening 
failing  at  the  adjoining  pole  or  tower. 

(c)  Failure  due  to  a broken  or  damaged  insulator. 

II.  Electrical  Failures. 

(a)  Burning,  by  arcs  or  leakage  current  due  to  the  failure  of 

an  insulator,  pin,  or  conductor  fastening,  of  any  wooden 
part  of  the  supporting  structure  which,  if  burned,  would 
render  the  conductor  liable  to  fall. 

(b)  Burning  or  weakening  of  the  conductor,  at  the  insulator,  due 

to  arcs  or  leakage  current. 

Other  methods  of  guarding  against  these  accidental  conditions  may 
be  used,  if  agreed  upon  by  the  parties  in  interest,  as  being  equally 
effective  as  the  methods  herein  described. 

CROSSARMS. 

630.  Crossarms.  The  crossarms  carrying  the  crossing  span 
shall  be  of  at  least  the  following  dimensions ; 

(a)  Wood  crossarm — 34  in.  x 4|  in. 

(b)  Steel  “ — 3 in.  x 3 in.  x 5/16  in. 

631.  Crossarms  carrying  the  crossing  span  shall  be  attached 
to  the  poles  with  through  bolts  and  shall  be  equipped  with  suit- 
able galvanized  iron  braces.  Double  crossarms  shall  be  fitted 
with  spacing  bolts,  equipped  with  spacing  nuts  and  washers, 
pipe  spacers,  or  similar  construction,  or  with  spacing  blocks  or 
plates. 

632.  Strength  of  Crossarms.  The  crossarms  carrying  the 
crossing  span,  including  their  fastenings  to  the  poles  or  towers, 
shall  be  designed : 

(a)  To  withstand,  with  the  designated  factors  of  safety 

(Paragraph  661),  the  stresses  produced  by  the  con- 
ductors under  the  specified  loading  (Paragraph  658). 

(b)  To  withstand,  at  all  times  without  failure,  the  unbalanced 

stress  due  to  the  combined  pull  in  one  direction  of  all 
the  conductors  supported,— the  pull  of  each  conductor 
■ being  taken  as  the  tension  in  the  conductor  due  to  the 
specified  load  (Paragraph  658). 

In  the  calculation  of  stress,  no  allowance  shall  be  made  for 
the  deformation,  deflection  or  displacement  of  any  part 
of  the  structure. 
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For  method  of  figuring  strength  of  double  crossarms,  see 
Appendix  E. 

SUPPORTING  STRUCTURES. 

633.  Wooden  Poles.  Wooden  poles  supporting  the  crossing 
span  shall  be  of  chestnut  or  other  selected  timber,  reasonably 
straight,  peeled,  free  from  defects  which  decrease  their  strength 
or  durability,  and  not  less  than  twenty-two  (22)  inches  in  cir- 
cumference at  the  top. 

634.  Steel  Towers.  Steel  for  structures  supporting  the  cross- 
ing span  shall  conform  to  the  “Specifications  for  Structural 
Steel  for  Buildings,”  as  adopted  by  the  American  Society  for 
Testing  Materials. 

635.  Design  and  workmanship  shall  be  in  accordance  with 
good  modern  practice. 

636.  The  form  of  the  frame  shall  be  such  that  stresses  may 
be  computed  with  reasonable  accuracy,  or  the  strength  of  the 
structure  shall  be  determined  by  actual  test. 

637.  Construction  shall  be  such  that  all  parts  are  accessible 
for  inspection,  cleaning  and  painting,  and  shall  not  permit  of 
pockets  in  which  water  or  dirt  might  collect. 

638.  The  unsupported  length  of  a tower  leg  shall  not  exceed 
140  times  its  least  radius  of  gyration. 

The  unsupported  length  of  a secondary  compression  member, 
having  figured  stress,  shall  not  exceed  180  times  its  least  radius 
of  gyration. 

The  unsupported  length  of  a compression  member,  placed  to 
reduce  the  unsupported  length  of  a leg  or  secondary  member 
(therefore  having  no  figured  stress),  shall  not  exceed  200  times 
its  least  radius  of  gyration. 

639.  The  minimum  thickness  of  metal  in  galvanized  struc- 
tures shall  be  one-quarter  (|)  inch  for  main  members  and  three- 
sixteenths  (3//16)  inch  for  all  other  members.  The  minimum 
thickness  of  metal  in  painted  structures  shall  be  one-quarter  (:J) 
inch. 

640.  Strength  of  Supporting  Structures.  The  poles  or  towers 
supporting  the  crossing  span  Shall  be  designed: 
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(a)  To  withstand,  with  the  designated  factor  of  safety  (Para- 

graph 661),  the  combined  stresses  produced  by  their 
own  weight,  the  specified  wind  pressure  on  the  poles 
or  towers  (Paragraph  659),  and  the  specified  con- 
ductor loading  (Paragraph  658),  on  all  conductors 
supported  in  both  the  crossing  span  and  the  next 
adjoining  span. 

(b)  To  withstand,  at  all  times  without  failure,  the  unbal- 

anced stress  due  to  the  combined  pull  in  the  direction 
of  the  crossing  of  all  the  conductors  supported, — the 
pull  of  each  conductor  being  taken  as  the  tension  in 
the  conductor  due  to  the  specified  load  (Paragraph 
658). 

NOTE: — In  designing  steel  towers,  to  withstand  this  unbalanced 
stress,  the  maximum  allowable  unit  fibre  stress  shall  be: 
For  tension  members  : 24,000  lbs.  per  square  inch. 

60L 

For  compression  members : 24.000 lbs.  per 

square  inch  R 

In  the  case  of  wooden  or  steel  poles,  when  head  guys 
are  used  to  meet  this  requirement,  this  unbalanced 
stress  may  be  assumed  to  be  distributed  equally 
over  one  or  more  poles  adjoining  the  crossing,  pro- 
vided all  the  construction  between  the  crossing  span 
and  any  such  poles  is  in  conformity  with  these 
specifications. 

In  the  calculation  of  stress,  no  allowance  shall  be  made  for 
the  deformation,  deflection  or  displacement  of  any  part  of  the 
structure. 

641.  In  the  case  of  wooden  pole  construction,  where  the 
requirements  of  Paragraph  640  (a)  cannot  be  met  except  by 
the  use  of  side  guys  or  special  structures,  and  it  is  physically 
impracticable  to  employ  side  guys  at  the  crossing  poles,  the 
requirements  of  Paragraph  640  (a)  may  be  met  by  side-guying 
the  line  as  near  as  practicable  to  the  crossing  but  at  a distance 
not  exceeding  500  feet  from  the  point  of  crossing,  provided : 
(a)  The  side-guyed  poles  shall  be  designed  to  withstand  the 
stress  due  to  wind  and  ice  loading  transversely  to  the 
line,  on  the  assumption  that  the  whole  transverse  strain 
of  the  line,  between  the  poles  so  side-guyed,  is  carried 
by  them. 
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(b)  The  line  between  such  guyed  poles  and  the  crossing 

shall  be  substantially  in  a straight  line  with  the  cross- 
ing poles. 

(c)  The  average  length  of  span  between  the  guyed  poles  and 

the  crossing  shall  not  be  in  excess  of  150  feet. 


When  these  conditions  are  met,  and  the  crossing  line  be.tween 
the  guyed  poles  is  otherwise  constructed  in  accordance  with 
these  specifications,  then,  for  the  intervening  poles,  considered 
individually,  without  reinforcement  from  adjoining  poles,  the 
requirements  of  Paragraph  640  (a)  may  be  modified  to  the  ex- 
tent of  reducing  the  specified  factor  of  safety,  depending  upon 
the  number  of  wires  carried,  as  per  the  following  table:  • 


Number  of  Wires 

Factor  of  Safety 

4 

4.0 

6 

3.5 

12 

2.0 

18 

1.4 

24  or  more 

1.0 

642.  Pole  setting.  Poles  shall  be  set  in  the  ground  to  depths 
not  less  than  those  shown  in  the  following  tabulation; 

Total  Length  of  Pole 

Depth  in  Earth 

(Feet) 

(Feet) 

25 

5.5 

30 

6.0 

35 

6.0 

40 

6.5 

45 

7.0 

50 

7.0 

55 

7.5 

60 

7.5 

65 

8.0 

70 

8.0 

75 

00 

80 

8.5 

When  poles  are  set  in  rock^  the  depth 

of  the  setting  may  be 

decreased,  depending  upon  its  character 
never  be  less  than  four  (4)  feet. 

, but  this  depth  shall 
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643.  Where  located  in  soft  or  swampy  ground,  the  setting 
of  poles  shall  be  suitably  reinforced.  This  may  be  done  by 
setting  in  barrels  of  broken  stone  or  gravel,  or  in  stone  or 
timber  footings,  or  by  any  other  equally  efiective  method. 

644.  Where  located  in  the  sides  of  banks,  or  where  subject 
to  washouts,  foundations  or  pole  settings  shall  l)e  given  addi- 
tional depth,  or  be  protected  by  cribbing  or  riprap. 

645.  Backfillings  for  foundations  or  pole  settings  shall  be 
carefully  tamped,  or  otherwise  thoroughly  compacted,  while 
being  placed. 

646.  Foundations  for  Steel  Towers.  Foundations  for  towers 
supporting  the  crossing  span  shall  be  adequate  to  withstand, 
witli  tlie  designated  factor  of  safety  (Paragraph  661),  the  maxi- 
mum stress  to  which  tliey  will  be  subjected  when  wires  and 
structures  are  loaded  in  accordance  with  Paragraphs  640,  658 
and  659. 

647.  In  designing  foundations  for  towers,  the  weight  of  con- 
crete shall  be  considered  as  140  pounds  per  cubic  foot.  The 
weight  of  “earth”  (calculated  at  thirty  (30)  degrees  from  the 
vertical),  shall  be  considered,  in  good  ground,  as  100  pounds 
per  cubic  foot.  In  swampy  ground,  special  measures  shall  be 
taken  to  prevent  uplift  or  depression. 

648.  The  top  of  a concrete  foundation,  or  casing,  shall  ex- 
tend at  least  six  (6)  inches  above  the  surface  of  the  ground, 
except  when  pavements  or  sidewalks  make  this  impracticable, 
and  shall  have  sufficient  slope  to  prewcnt  collection  of  water. 

649.  Identification.  For  the  i^urposc  of  identification,  poles 
or  structures  supporting  the  crossing  span  shall  be  clearly 
marked  with  the  name,  initials,  or  trade-mark  of  the  owner  of 
the  structure. 
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GUYS. 

650.  Use  of  Guys.  Guys  may  be  used  in  meeting  the  speci- 
fied strength  requirements  for  supports  (Paragraph  640).  The 
number  and  arrangement  of  guys  shall  be  determined  by  the 
conditions  existing  at  the  crossing.  Braces  may  be  used  instead 
of  guys.  Where  head  guys  are  installed  on  poles  supporting  the 
crossing  span,  they  shall  be  so  installed  as  not  to  increase  ap- 
preciably the  stress  in  the  conductors  of  the  crossing  span. 

651.  Where  poles,  not  self-supporting,  are  guyed,  they  be- 
come rigid  structures  acting  only  as  struts,  and  the  horizontal 
component  of  the  load  will  be  considered  as  taken  entirely  by 
the  guys.  Where  steel  structures,  not  self-supporting,  are  guyed, 
they  act  as  struts  and  also  as  beams.  In  figuring  the  strength 
of  such  structures  and  their  guys,  the  structures,  considered 
alone,  may  be  figured  as  carrying  such  portion  of  the  horizontal 
component  of  the  load,  together  with  the  vertical  component  of 
the  load  acting  on  the  structure  as  a strut,  as  will  not  stress 
any  part  of  the  structure  beyond  the  designated  factor  of  safety 
( Paragraph  661).  The  remaining  portion  of  the  horizontal  com- 
ponent of  the  load  shall  be  figured  as  carried  by  the  guys  with 
the  designated  factor  of  safety  (Paragraph  661). 

652.  Material.  Guys  shall  be  galvanized  or  copper  covered 
stranded  steel  cable,  or  rolled  rods,  and  must  have  a minimum 
nominal  diameter  of  five-sixteenths  (5/16)  inch. 

653.  Anchorage.  Guys  to  ground  shall  be  connected  to  a 
well-anchored  rod  of  such  length  that  the  eye  of  the  rod  shall 
be  above  the  surface  of  the  ground.  .Rods  with  a diameter  of 
less  than  one  (1)  inch  shall  be  galvanized. 

654.  Guy  anchors  shall,  when  practicable,  be  placed  at  a 
horizontal  distance  from  the  poles  they  reinforce,  measured  at 
the  ground  line,  of  not  less  than  one-third  (1/3)  of  the  height 
of  the  point  of  attachment  of  the  guy  to  the  pole. 


67 


Sec.  VI. 


655.  Guy  Stubs.  Guy  stubs,  or  poles  used  as  guy  stubs, 
with  their  foundations,  anchorages  and  reinforcements,  shall  be 
adequate  to  withstand,  with  the  designated  factor  of  safety 
(Paragraph  661),  the  maximum  stress  to  which  they  will  be 
subjected  when  wires  and  structures  are  loaded  in  accordance 
with  Paragraphs  640,  658  and  659. 

656.  Strain  Insulators.  A strain  insulator,  when  used,  shall 
conform  to  requirements  of  Paragraph  626,  and  in  general  shall 
be  placed  not  less  than  six  (6)  feet  below  the  lowest  conductor, 
not  less  than  eight  (8)  feet  above  the  ground,  and,  where  prac- 
ticable, not  less  than  six  (6)  feet,  in  a horizontal  direction,  from 
the  pole.  When  it  is  impracticable  to  comply  with  the  provi- 
sions of  Paragraph  611,  strain  insulators  shall  be  so  placed  as 
to  protect  pedestrians  and  men  working  on  either  line.  Guys 
not  equipped  with  strain  insulators  shall  be  permanently  and 
effectually  grounded. 


PROTECTIVE  COATINGS. 

657.  Protective  Coatings  on  Steel.  All  structural  steel  shall 
be  thoroughly  cleaned  at  the  shop,  and  shall  be  galvanized  or 
painted,  as  follows ; 

(a)  J*ainti)tf/.  Painting  shall  consist  of  one  (1)  complete 

shop  coat,  one  ( 1 ) field  coat  on  all  contact  surfaces 
before  asseml^ling,  ami  one  (1)  complete  field  coat 
after  assembling.  Before  painting  in  the  field,  the 
surface  of  the  metal  shall  again  be  thoroughly  cleaned 
of  all  dirt,  grease,  etc.,  and  worn  or  defaced  spots  shall 
be  touched  up.  No  painting  shall  be  done  in  freezing 
or  rainy  weather. 

(b)  (!<ilv(Uii:^i)i<f.  Galvanized  material  shall  meet  the  re- 

quirements specified  by  the  National  Electric  Light 
Association,  or  other  standard  generally  sanctioned 
by  good  modern  practice. 

Sherardizing  of  small  parts  is  permitted. 

All  holes  in  galvanized  material  shall  be  made  before 
galvanizing. 
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LOADS. 

658.  Loads.  The  conductors  shall  be  considered  as  loaded 
uniformly  throughout  their  length  with  a load  equivalent  to  the 
resultant  of  the  dead  load,  the  weight  of  a layer  of  ice  one-half 
(I)  inch  in  thickness,  and  a wind  pressure  of  eight  (8)  pounds 
per  square  foot  of  ice-covered  diameter,  at  a temperature  of  zero 
(0)  degrees  Fahrenheit.  The  weight  of  the  ice  shall  be  assumed 
as  fifty-seven  (57)  pounds  per  cubic  foot  (0.033  pounds  per 
cubic  inch). 

659.  The  supporting  structures  shall  be  con-sidered  as  sub- 
jected to  a wind  pressure  of : 

(a)  Eight  (8)  pounds  per  square  foot  on  the  projected  area 

of  cylindrical  surfaces,  such  as  wood  or  tubular  steel 
poles. 

(b)  Thirteen  (13)  pounds  per  square  foot  on  the  projected 

area  of  flat  surfaces,  such  as  cross-arms,  etc. 

(c)  Thirteen  (13)  pounds  per  square  foot  on  twice  the  pro- 

jected area  of  one  of  two  parallel  faces  of  latticed  or 
trussed  structures. 

The  areas  above  enumerated  shall  be  considered  as  increased 
by  one-half  (|)  inch  of  ice  on  all  the  exposed  surfaces. 

660.  Temperatures.  Computation  of  stresses  due  to  the 
temperature  load  shall  be  based  upon  an  assumed  temperature 
of  minus  twenty  ( — 20)  degrees  Fahrenheit. 


GENERAL  REQUIREMENTS. 

661.  Mechanical  Factors  of  Safety.  In  design  and  construc- 
tion the  ultimate  unit  strength  divided  by  the  allowable  working 
unit  stress  shall  be  not  less  than  the  values  shown  in  the  follow- 
ing tabulation  : 
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Wires,  cables  and  conductor  attachments  2 

Pins  2 

Pole  line  hardware  2 

Line  insulators  (mechanical)  3 

Guy  insulators — non-interlocking  3 

“ “ — interlocking  2 

Guys  3 

Wooden  poles  4 

\\’ooden  crossarms  4 

Structural  steel  poles,  towers  and  crossarms  3 

Reinforced  concrete  poles  and  crossarms  4 

Foundations  and  anchorages  2 


Allowable  working  unit  stresses,  as  given  in  Appendix  F,  are 
derived  by  dividing  generally  approved  ultimate  unit  strengths 
by  the  factors  of  safety  shown  above. 

662.  Other  Construction  Requirements.  Construction  re- 
quirements for  all  crossings,  where  not  covered  by  these  specifi- 
cations, shall  be  according  to  the  best  modern  practice. 

ALTERNATIVE  TYPES  OF  CONSTRUCTION. 

663.  The  following  describes  methods  of  construction  which 
oft’er  alternatives  to  some  of  the  foregoing  requirements.  Un- 
less specificallv  excepted,  all  the  foregoing  requirements  will 
apply  to  these  types  of  construction, 

664.  Short  Span  Method.  This  method  consists  in  making 
a short  span  at  such  a height  that  the  radial  distance,  from  the 
lowest  insulators  of  the  crossing  span  to  the  nearest  wires  of  the 
span  crossed,  is  greater  than  the  length  of  the  crossing  span. 

Conductors  not  meeting  the  requirements  of  Paragraphs  615 
to  619,  inclusive,  may  be  used,  provided  a grounded  guard  arm 
is  placed  on  each  of  the  crossing  poles  or  towers  in  such  a man- 
ner as  to  prevent  the  upper  wires  in  the  next  adjoining  spans 
from  whipping  back  into  the  wires  crossed  in  case  of  failure  of 
the  upper  wires.  The  requirements  which  may  be  omitted  when 
this  construction  is  used  are  Paragraphs  606,  615  to  619,  in- 
clusive, and  621  to  625,  inclusive. 
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If  conductors  which  meet  the  requirements  of  Paragraphs  615 
to  619,  inclusive,  are  used,  and  the  next  adjoining  spans  to  the 
crossing  are  not  less  in  length  than  twice  the  height  above 
ground  of  the  highest  wire  of  the  crossing  spans,  the  grounded 
guard  arms  may  be  omitted. 

To  avoid  the  necessity  for  poles  or  towers  of  excessive  height, 
as  supports  for  the  crossing  span : 

(a)  The  line  crossed  shall  be  built  as  low'  as  possible. 

(b)  On  Class  C lines  so  crossed,  the  horizontal  distance  be- 

tween conductors  may  l)c  reduced  to  permit  the  cross- 
ing poles  or  towers  to  be  placed  nearer  together. 

See  Appendix  G. 

665.  Use  of  Cable.  The  power  wires  may  be  carried  in 
aerial,  armored,  or  metal  sheath  cable,  in  which  case  the  re- 
quirements of  the  following  paragraphs  may  be  omitted : 

609,  612  to  614,  inclusive 
621  to  625,  inclusive 
627,  628  and  629. 

The  vertical  clearance  from  the  cable  to  any  conductor  of 
the  span  crossed  shall  be  not  less  than  forty  (40)  inches. 

The  provisions  of  Paragraphs  615,  616,  617,  618  and  619  shall 
apply  to  the  supporting  messenger  wire,  but  not  to  the  cable  or 
cable  conductors. 

The  provisions  of  Paragraphs  630,  631  and  632  shall  apply 
where  cal)le  is  suspended  from  crossarms  and  not  otherwise. 

The  messenger  and  armor  or  metal  sheath  of  the  cable  shall 
be  permanently  and  effectually  grounded.  The  cable  shall  ex- 
tend at  least  one  span  on  each  side  of  the  crossing.  The  cable 
shall  be  capable  of  withstanding  at  least  twice  the  normal  line 
voltage  between  any  two  conductors,  or  between  any  conductor 
and  the  sheath  or  armor. 

666.  For  cause  shown,  in  special  cases,  the  Commission  may 
afford  relief  from  the  operation  of  these  Regulations  to  any 
particular  public  utility  when  public  convenience  and  safety  will 
not  be  injuriously  affected  thereby,  and  the  welfare  of  such 
public  utility  will  be  subserved  by  modifications  of  any  of  the 
foregoing  Regulations  and  Specifications. 
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SECTION  VII. 

SPECIFICATIONS  FOR  THE  CONSTRUCTION  OF  OVER- 
HEAD LINES  CROSSING  UNDER 
RAILROAD  BRIDGES. 

701.  Scope.  These  speciticalions  apply  to  crossings  under 
railroad  bridges  of  all  classes  of  overhead  lines. 

702.  Use  of  Cable.  Conductors  may  be  installed  beneath 
bridges  in  a metal  conduit,  or  armored  or  metal  sheath  cable. 
The  conduit  or  messenger  (if  any),  and  the  armor  or 
metal  sheath  of  the  cal^le  shall  be  permanently  and  effectually 
grounded.  The  insulation  of  such  conductors  shall  be  capable 
of  withstanding  at  least  twice  the  normal  line  voltage  between 
any  two  conductors  or  between  any  conductor  and  the  sheath 
or  armor.  If  such  conductors  arc  attached  to  the  bridge  struc- 
ture, they  shall  be  supported  in  accordance  with  Paragraph  706. 

703.  Clearance  from  Abutments.  The  clearance  between  any 
conductor  and  the  face  of  the  abutment  shall  be  not  less  than 
three  (3)  feet  for  steel  bridges,  or  other  bridges  with  accessible 
wing  walls,  or  one  (1)  foot  for  concrete  slab,  and  brick,  stone 
or  concrete  arch  bridges  with  inacessible  wing  walls  or  without 
wing  walls,  but  in  no  case  shall  the  clearance  between  anv  con- 
ductor and  the  face  of  the  abutment  be  less  than  that  required 
in  Paragraph  704. 

704.  Clearance  from  Bridge  Structures.  The  clearance  l)e- 
tween  any  conductor,  attached  to  the  bridge  in  open  construc- 
tion, and  any  portion  of  the  bridge  structure,  shall  be  not  less 


the  following: 

NOMINAL  OPERATING 

VOLTAGE 

CLEARANCE 

Exceeding-  Not 

Exc'^eding 

Minimum 

Preferable 

2,500 

6 in. 

1 ft. 

2,500 

5,000 

1 ft. 

2 ft. 

5,000 

7.000 

3 ft. 

7,000 

14,000 

5 ft. 

14,000 

27,000 

7.5  ft. 

27,000 

35,000 

9 ft. 

35,000 

12  ft. 
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705.  Separation  of  Conductors.  The  separation  between  con- 
ductors attached  to  bridges  in  open  construction  shall  be  not 
less  than  the  following: 

Distance  Between  Supports  Minimum  Distance  Between 

Conductors 

Up  to  20  ft.  6 in. 

20  ft.  “ 50  ft.  9 in. 

706.  Distance  between  Supports.  Conductors  attached  to  the 
under  side  of  bridges  shall  have  at  least  two  points  of  support ; 
the  distance  between  supports  shall  not  exceed  fifty  (50)  feet. 

707.  Insulating  Material.  Insulators  on  Class  B,  Class  C and 
Class  D-1  lines  shall  be  of  porcelain,  glass  or  other  reliable  in- 
sulating material.  Insulators  on  Class  A and  Class  D-2  lines 
shall  be  of  porcelain  or  other  material  which  can  be  shown  to 
the  satisfaction  of  the  parties  in  interest,  to  be  equally  good  in 
respect  to  mechanical  and  electrical  requirements  and  durability. 

708.  Factor  of  Safety  of  Insulators.  Insulators  supporting 
the  crossing  and  adjoining  spans  shall  be  capable  of  withstand- 
ing without  flash-over,  at  a frequency  of  sixty  (60)  cycles,  the 
normal  circuit  voltage  multiplied  by  the  following  factors: 


VOLTAGE  OF  CIRCUIT  FACTOR 


Exceeding 

Not  Exceeding: 

Dry 

■Wet 

9,000 

6.0 

4.0 

9,000 

14,000 

5.3 

3.5 

14,000 

27,000 

4.5 

3.0 

27,000 

35,000 

3.9 

2.6 

35,000 

47,000 

3.6 

2.4 

47,000 

60,000 

3.3 

2.2 

60,000 

3.0 

2.0 

y the  term 

“wet”  is  meant 

a condition  equi 

valent  to  a pre- 

cipitation  of  one  fifth  (1  y'S)  inch  of  rain  per  minute  at  an  angle 
of  forty-five  (45)  degrees  to  the  axis  of  the  insulator. 

709.  Tests.  Each  completed  pin  insulator  for  line  voltages 
over  15,000,  and  each  completed  suspension  insulator  disc,  shall 
be  subjected  to  a routine  factory  test  at  dry  flash-over  voltage. 
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at  a frequency  of  sixty  (60)  cycles  for  five  (5)  consecutive 
minutes,  or  any  other  test  which  may  be  generally  sanctioned  by 
good  modern  practice. 

710.  Voltage  Measurements.  Test  voltages  shall  be  deter- 
mined by  methods  conforming  to  the  standards  of  the  American 
Institute  of  Electrical  Engineers. 

711.  Protection  from  Arcing  at  Insulator.  When  power 
lines  are  attached  to  steel  bridges  (wood  pins  and  non-grounded 
construction  being  generally  used  in  other  parts  of  the  line), 
the  insulators  used  at  the  bridge  attachments  shall  have  an 
electrical  factor  of  safety  fifty  (50)  per  cent,  greater  than  at 
other  parts  of  the  line,  but  in  no  case  less  than  as  specified  in 
Paragraph  708. 

712.  Conductor  Attachment.  G^nductors  attached  to  bridges 
in  open  construction  shall  be  attached  to  pin  type  insulators  by 
tie  wires  or  clamps.  Suggested  methods  of  attachment  are 
shown  in  Appendix  D. 

713.  Pins.  Insulator  pins  shall  be  of  steel,  wrought-iron  or 
malleable  iron,  and  shall  be  galvanized.  Cast-iron  pin  bases 
may  be  used.  Pins  of  locust  wood  may  be  used,  provided  con- 
ditions are  such  that  digestion  or  rapid  deterioration  of  wood 
pins  does  not  occur. 

714.  Pin  Supports.  Wooden  pin  supports  shall  not  be  less 
than  three  (3)  inches  by  four  and  one-fourth  (4|)  inches  in 
section.  Suggested  method  of  supporting  under  steel  bridges 
is  shown  in  Appendix  I,  Figure  1.  Where  open  construction  is 
used,  pin  supports  shall  be  so  arranged  that  insulators  shall  be 
used  in  the  position  for  which  they  are  designed. 

715.  Identification.  The  pin  supports  attached  to  the  bridge 
shall  be  plainly  marked  with  the  name,  initials  or  trade-mark  of 
the  owner  of  the  structure,  and  in  addition,  for  voltages  in  excess 
of  500,  by  a sign  reading  “Danger — Do  Not  Touch.” 
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716.  Trolley  Contact  Wires.  Trolley  contact  wires  attached 
to  bridges  shall  be  provided  with  a substantial,  inverted  trough 
of  non-conducting  material,  or  other  means  to  keep  the  trolley 
pole  from  contact  with  the  bridge  structure.  This  protection 
shall  be  not  less  in  length  than  the  overall  width  of  the  bridge, 
measured  along  the  line  of  the  protection.  Suggested  method 
is  shown  in  Appendix  I,  Figure  2. 

717.  Crossing  Without  Attachment.  When  clearances  be- 
tween all  conductors  in  open  construction  in  any  direction  from 
the  bridge  structure,  as  given  in  the  following  tabulation,  are 
obtained  without  attachment  to  the  bridge  structure,  the  provi- 
sions of  Paragraphs  704  to  716,  inclusive,  do  not  apply,  and  the 
line  may  be  built  according  to  Section  II  of  these  specifications. 


NOMINAL 

ExceediJiff 

OPERATING  VOLTAGE 

Not  Exceeding 

Clearance 

7,000 

3 ft. 

7,000 

14,000 

5 ft. 

14,000 

27,000 

7.5  ft. 

27,000 

35,000 

9 ft. 

35,000 

12  ft. 

For  cause 

shown,  in  special  cases. 

the  Commission 

afford  relief  from  the  operation  of  these  Regulations  to  any  par- 
ticular public  utility  when  public  convenience  and  safety  will 
not  be  injuriously  affected  thcrclty,  and  the  welfare  of  such 
public  utility  will  be  subserved  by  modifications  of  any  of  the 
foregoing  Regulations  and  Specifications. 
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SECTION  VIII. 

SPECIFICATIONS  FOR  THE  CONSTRUCTION  OF  OVER- 
HEAD LINES  CROSSING  RAILROADS  BY 
MEANS  OF  UNDERGROUND 
CONSTRUCTION. 

801.  Scope.  These  specificalions  apply  to  the  crossings  of 
all  classes  of  wire  lines  crossing  railroad  tracks  underground. 

802.  Conduit.  Wires  or  cables  shall  he  carried  in  some  suit- 
able form  of  vitrified  earthenware,  treated  fibre,  crcosotcd  wood 
duct  or  iron  pipe  conduit,  of  a size  suflicicnt  to  permit  the  wires 
or  cables  to  be  readily  drawn  in,  and  shall  terminate  in  man- 
holes, pull  boxes  or  terminals.  Wherever  practicable,  such  man- 
holes, pull  boxes  or  terminals  shall  not  be  placed  on  the  railroad 
right  of  way. 

803.  Depth.  The  top  of  the  conduit  shall  be  located  at  a 
depth  of  not  less  than  four  (4)  feet  below  the  base  of  the  rail, 
nor  less  than  two  (2)  feet,  six  (6)  inches  below  the  surface  of 
the  ground  at  the  lowest  point  of  crossing  of  the  railroad  right 
of  way.  Wherever  practicable,  conduit  shall  be  h.iid  with  a 
uniform  slope  of  not  less  than  three  (3)  inches  per  100  feet,  to 
drain  away  from  the  crossing. 

804.  Terminals.  Where  manholes,  ]ndl  boxes  or  terminals 
project  above  the  elevation  of  the  top  of  the  rail,  unless  physical 
conditions  or  municipal  requiremciits  prevent,  thev  shall  have 
horizontal  clearance  from  the  nearest  track  rail  of  not  less  than 
twelve  (12)  feet,  except  that  at  sidings  a clearance  of  seven  (7) 
feet  may  be  allowed.  At  loading  sidings,  sufficient  space  shall 
be  left  for  a drive-way. 

805.  Protection.  Conduit,  excepting  iron  pipe,  located  at  a 
depth  of  less  than  six  (6)  feet  below  the  top  of  the  rail,  shall 
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be  protected  on  top  by  a slab  of  concrete  not  less  than  six  (6) 
inches  in  thickness,  or  by  creosoted  wooden  planks  not  less 
than  two  (2)  inches  in  total  thickness ; this  protection  shall 
extend  not  less  than  tliree  (3)  inches  on  each  side  beyond  the 
outer  lines  of  the  conduit. 

NOTE: — In  using  creosoted  planks  to  meet  this  requirement,  more 
than  one  plank  may  be  used. 

806.  For  cause  shown,  in  special  cases,  the  Commission  may 
afford  relief  from  the  operation  of  these  Regulations  to  any 
particular  public  utility  when  public  convenience  and  safety  will 
not  be  injuriously  affected  thereby,  and  the  welfare  of  such 
public  utility  will  be  subserved  by  modifications  of  any  of  the 
foregoing  Regulations  and  Specifications. 
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SECTION  IX. 

APPENDICES. 

APPENDIX  A. 

Section  IT.  Paragraph  210 
Section  V,  Paragraph  540. 

Minimum  Sags  for  Hard  and  Soft  Drawn  Copper  Wire. 

NOTE: — These  tables  are  to  be  used  in  constructing  only  such  crossings 
as  come  within  the  scope  of  Sections  ll  and  V.  For  sag 
tables  to  be  used  in  connection  with  Sections  III  and  VI, 
see  Appendix  C. 


No.  10  A.  W.  G.  HARD  DRAWN  BARE  COPPER  WIRE. 
Temperature. 


Length 
of  Span 

In  Feet 

0 

0 

20=  F. 

0 

0 

60’  F. 

80°  F. 

100°  F. 

80 

14 

2 

24 

3 

31 

5 

90 

2 

24 

3 

34 

44 

6 

100 

24 

3 

34 

44 

54 

7 

110 

3 

34 

44 

54 

64 

84 

120 

5 

6 

7 

9 

114 

144 

130 

84 

104 

13 

164 

194 

23 

140 

1,54 

19 

22^ 

254 

29 

32 

150 

254 

29 

324 

354 

38 

41 

No.  6 A.  W.  G.  SOFT  DRAWN  COVERED  COPPER  WIRE. 


Temperature. 


Length 
of  Span 

Tn  Feet 

0°  F, 

20°  F. 

40°  F. 

60°  F. 

80°  F. 

100°  F. 

60 

3 

4 

5 

6 

8 

9 

70 

5 

6 

7 

9 

11 

12 

80 

6 

7 

10 

12 

14 

15 

90 

0-2 

10 

13 

15 

17 

19 

100 

12 

14 

16 

19 

21 

23 

110 

16 

IS 

21 

23 

25 

27 

120 

19^ 

0 0 

25 

27 

30 

32 

130 

254 

27 

30 

32 

35 

37 

140 

304 

334 

36 

384 

41 

43 

150 

39i 

42 

444 

464 

49 

51 
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APPENDIX  B. 

SPECIFICATIONS  FOR  WOOD  POLES 

As  Contained  in 

“HANDBOOK  ON  OVERHEAD  LINE  CONSTRUCTION” 

of  the 

NATIONAL  ELECTRIC  LIGHT  ASSOCIATION. 

SPECIFICATIONS  FOR  CHESTNUT  POLES. 

To  determine  the  character  of  poles  to  l^e  used,  pole  lines  may 
be  divided  into  the  three  following  classes : 

Class  “A”;  For  heavy  transmission  lines  or  heavy  distribu- 
tion lines. 

Class  “B” : For  light  transmission  lines  or  ordinary  distribu- 
tion lines. 

Class  “C”:  For  very  light  distribution  hues  or  light  secondary 
lines. 

The  purchasing  company  is  to  have  the  right  to  make  such 
inspections  of  the  poles  as  it  may  desire.  The  inspector  of  the 
purchasing  company  shall  have  the  power  to  reject  any  pole 
which  is  defective  in  any  respect.  Inspection,  however,  shall 
not  relieve  the  manufacturer  from  furnishing  perfect  poles. 

.\ny  imperfect  poles  which  may  be  discovered  before  their 
final  acceptance  shall  be  replaced  immediately  upon  the  require- 
ment of  the  purchasing  company,  notwithstanding  that  the  de- 
fects may  have  been  overlooked  by  the  inspector.  If  the  re- 
quirements of  these  specifications  are  not  fulfilled  when  the  poles 
are  offered  for  final  acceptance,  not  only  shall  the  purchasing 
company  have  the  right  to  reject  the  poles,  but  the  expense  of 
inspection  of  such  defective  poles  shall  be  borne  by  the  manu- 
facturer. 


‘National  Electric  Light  As.sociation  Specification. 
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All  poles  shall  be  subject  to  inspection  by  the  purchasing  com- 
pany, either  in  the  woods  where  the  trees  are  felled,  or  at  any 
point  of  shipment  or  destination.  Any  pole  failing  to  meet  all 
the  requirements  of  these  specifications  may  be  rejected. 

All  poles  shall  be  of  the  best  quality  live  white  chestnut, 
squared  at  both  ends,  reasonably  straight,  well  proportioned 
from  butt  to  top,  peeled  and  with  knots  trimmed  close. 

The  dimensions  of  poles  shall  be  according  to  the  following 
table ; 

DIMENSIONS  OF  POLES  IN  INCHES. 


LENGTH 

OF  POLES 
(FEET) 

25 

CLASS 

Top 

24 

“A” 

6 ft.  from 
Butt 

37 

CLASS  “B” 

6 ft.  from 

Top  Butt 

22  33 

Top 

20 

CLASS  “C” 

6 ft.  from 
Butt 

30 

30 

24 

40 

22 

36 

20 

33 

35 

24 

43 

22 

40 

20 

36 

40 

24 

45 

22 

43 

20 

40 

45 

24 

48 

22 

47 

20 

43 

50 

24 

51 

22 

50 

20 

46 

55 

22 

54 

22 

53 

20 

49 

60 

22 

57 

22 

56 

65 

22 

60 

22 

59 

70 

22 

63 

22 

62 

75 

22 

66 

22 

65 

80 

22 

70 

22 

69 

85 

22 

73 

22 

72 

90 

22 

76 

22 

75 

the  “Top”  measurements  being  the  circumference  at  the  top  of 
the  pole,  and  the  “Butt”  measurement  being  the  circumference 
six  (6)  feet  from  the  butt. 


SPECIFICATIONS  FOR  EASTERN  WHITE  CEDAR  POLES.* 

The  material  desired  under  these  specifications  consists  of 
poles  of  the  best  quality  of  either  seasoned  or  live  green  cedar 
of  the  dimensions  hereinafter  specified.  Seasoned  poles  shall 
have  preference  over  green  poles  provided  they  have  not  been 
held  for  seasoning  long  enough  to  have  developed  any  of  the 

*National  Electric  Light  Association  Specification. 
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timber  defects  hereinafter  referred  to.  All  poles  shall  be  reason- 
ably straight,  well  proportioned  from  butt  to  top,  shall  have 
both  ends  squared,  the  bark  peeled  and  all  knots  and  limbs 
closely  trimmed. 

Dimensions. 

The  dimensions  of  the  poles  shall  be  in  accordance  with  the 
following  table,  the  “top”  measurement  being  the  circumference 
at  the  top  of  the  pole,  and  the  “butt”  measurement  the  circum- 
ference six  (6)  feet  from  the  butt. 


MINIMUM  DIMENSIONS  OF  POLES  IN  INCHES 
(CIRCUMFERENCE). 


LENGTH 

OF  POLES 

CLASS  "A” 

6 ft.  from 

CLASS 

“B” 

6 ft.  from 

CLASS  “C” 

6 ft.  from 

(FEET) 

Top 

Butt 

Top 

Butt 

Top 

Butt 

25 

24 

36 

22 

32 

18| 

30 

30 

24 

40 

22 

36 

18f 

33 

35 

24 

43 

22 

38 

18f 

36 

40 

24 

47 

22 

43 

18| 

40 

45 

24 

50 

22 

47 

18| 

43 

50 

24 

53 

22 

50 

18f 

46 

55 

24 

56 

22 

53 

18| 

49 

GO 

24 

59 

22 

56 

18f 

52 

When  the  dimension  at  the  butt  is  not  given  the  poles  shall  be 
reasonably  well  proportioned  throughout  their  entire  length. 

The  dimension  requirement  at  the  six  (6)  foot  mark  shall  be 
rigidly  followed  in  all  cases.  Class  “A,”  “B”  and  “C”  poles  may 
have  top  circumference  not  more  than  one-half  (4)  inch  less 
than  those  shown  in  the  preceding  table.  No  pole  shall  be  over 
six  (6)  inches  longer  or  three  (3)  inches  shorter  than  the  length 
for  which  it  is  accepted ; if  any  pole  be  more  than  six  (6)  inches 
longer  than  is  required  it  shall  be  cut  back. 

Quality  of  Timber. 

Dead  Poles.  The  wood  of  a dead  pole  is  grayish  in  color. 
The  presence  of  a black  line  on  the  edge  of  the  sapwood  (as 
seen  on  the  butt)  also  shows  that  a pole  is  dead.  No  dead  poles, 
and  no  poles  having  dead  streaks  covering  more  than  one- 
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quarter  (^)  of  their  surface  shall  be  accepted  under  these  speci- 
fications. Poles  having  dead  streaks  covering  less  than  one- 
quarter  (-]-)  of  their  surface  shall  have  a circumference  greater 
than  otherwise  required.  The  increase  in  the  circumference 
shall  be  sufficient  to  afford  a cross-sectional  area  of  sound  wood 
equivalent  to  that  of  sound  poles  of  the  same  class. 

Fire  Killed  or  River  Poles.  No  dark  red  or  copper  colored 
poles,  which  when  scraped  do  not  show  good  live  timber  shall 
be  accepted  under  these  specifications. 

Twisted,  Checked  or  Cracked  Poles.  No  poles  having  more 
than  one  complete  twist  for  every  twenty  (20)  feet  in  length, 
no  cracked  poles  containing  large  season  checks  shall  be  ac- 
cepted under  these  specifications. 

“Cat  Faces.”  No  poles  having  “Cat  Faces,”  unless  they  are 
small,  and  perfectly  sound  and  the  poles  have  an  increased 
diameter  at  the  “cat  face.”  and  no  poles  having  “cat  faces”  near 
the  six  (6)  foot  mark,  or  within  ten  (10)  feet  of  their  tops,  shall 
be  accepted  under  these  specifications. 

Shaved  Poles.  No  shaved  poles  shall  be  accepted  under  these 
specifications. 

Miscellaneous  Defects.  No  poles  containing  sap  rot,  evidence 
of  internal  rot  as  disclosed  by  a careful  examination  of  all  black 
knots,  hollow  knots,  woodpecker  holes,  or  plugged  holes ; and 
no  poles  showing  evidences  of  having  been  eaten  by  ants,  worms 
or  grubs  shall  be  accepted  under  these  specifications,  except 
that  poles  containing  worm  or  grub  marks  below  the  six  (6) 
foot  mark  will  be  accepted. 

Crooked  Poles.  No  poles  having  a short  crook  or  bend  a 
crook  or  bend  in  two  planes  or  a reverse  curve  shall  be  accepted 
under  these  specifications.  The  amount  of  sweep,  measured  be- 
tween the  six  (6)  foot  mark  and  the  top  of  the  pole,  that  may 
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be  present  in  poles  acceptable  under  these  specifications,  is 
shown  in  the  following  table : 

3,5  foot  poles  shall  not  have  a sweep  over  10|  inches. 

40  foot  poles  shall  not  have  a sweep  over  12  inches. 

45  foot  poles  shall  not  have  a sweep  over  9 inches. 

50  foot  poles  shall  not  have  a sweep  over  10  inches. 

55  foot  poles  shall  not  have  a sweep  over  11  inches. 

60  foot  poles  shall  not  have  a sweep  over  12  inches. 

Defective  Tops.  Poles  having  tops  of  the  required  dimensions 
must  have  sound  tops.  Poles  having  top  one  (1)  inch  or  more 
above  the  requirements  in  circumference  may  have  one  (1)  pipe 
rot  not  more  than  one-half  (^)  inch  in  diameter.  Poles  with 
double  tops  or  double  hearts  shall  be  free  from  rot  where  the 
two  parts  or  hearts  join. 

Defective  Butts.  No  poles  containing  ring  rot  (rot  in  the 
form  of  a complete  or  partial  ring)  shall  be  accepted  under 
these  specifications. 

Poles  having  hollow  hearts  may  be  accepted  under  the  con- 
ditions shown  in  the  following  table : 


ADD  TO  BUTT  REQUIREMENTS 


AVERAGE 
DIAMETER 
OF  ROT 

of 

24  an  30 
Foot  Poles 

of 

35.  40,  45 
Foot  Poles 

of 

60,  65.  60.  65 

Foot  Poles 

2 inches 

Nothing 

Nothing 

Nothing 

3 inches 

1 inch 

Nothing 

Nothing 

4 inches 

2 inches 

Nothing 

Nothing 

5 inches 

3 inches 

1 inch 

Nothing 

6 inches 

4 inches 

2 inches 

1 inch 

7 inches 

Reject 

4 inches 

2 inches 

8 inches 

Reject 

6 inches 

3 inches 

9 inches 

Reject 

Reject 

4 inches 

10  inches 

Reject 

Reject 

5 inches 

11  inches 

Reject 

Reject 

7 inches 

12  inches 

Reject 

Reject 

9 inches 

13  inches 

Reject 

Reject 

Reject 

Scattered  rot,  unless  it  is 

near  the  outside 

of  the  pole,  may 

estimated  as 

being  the  same 

as  heart  rot  of  equal  area. 
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“Wind  Shakes.”  Poles  with  cup  shakes  (checks  in  the  form 
of  rings)  which  also  have  heart  or  star  checks  may  be  con- 
sidered as  equal  to  poles  having  hollow'  hearts  of  the  average 
diameter  of  the  cup  shakes. 

Inspection.  All  poles  shall  be  subject  to  inspection  by  the 
purchaser’s  representative,  either  in  the  w’oods  where  the  trees 
are  felled,  or  at  any  point  of  shipment,  or  destination.  Each 
pole  thus  inspected  shall  be  marked  according  to  its  length  and 
class  with  a marking  hammer,  by  the  purchaser’s  representa- 
tive. All  poles  failing  to  meet  these  specifications  shall  be  re- 
jected. 

SPECIFICATIONS  FOR  WESTERN  WHITE  CEDAR,  RED  CEDAR, 
WESTERN  CEDAR,  IDAHO  CEDAR.* 

General. 

The  material  desired  under  these  specifications  consists  of 
poles  and  guy  stubs  bf  the  best  quality  of  either  seasoned  or 
live  green  cedar  of  the  dimensions  hereinafter  specified.  The 
poles  covered  by  these  specifications  are  of  Western  White 
Cedar,  otherwise  known  as  red  cedar,  western  cedar,  or  Idaho 
cedar.  Seasoned  poles  shall  have  preference  over  green  poles 
provided  they  have  not  been  held  for  seasoning  long  enough 
to  have  developed  any  of  the  timber  defects  hereinafter  referred 
to.  All  poles  shall  be  reasonably  straight,  well  proportioned 
from  butt  to  top,  shall  have  both  ends  squared,  sound  tops,  the 
bark  peeled,  and  all  knots  and  limbs  closely  trimmed. 

Dimensions. 

The  dimensions  of  the  poles  shall  be  in  accordance  with  the 
following  table,  the  “top”  measurement  being  the  circumference 
at  the  top  of  the  pole  and  the  “butt”  measurement,  the  circum- 
ference six  (6)  feet  from  the  butt.  The  dimensions  given  are 
the  minimum  allow'able  circumferences  at  the  point  specified 
for  measurement  and  are  not  intended  to  preclude  the  accept- 
ance of  poles  of  larger  dimensions. 

*American  Telephone  & Telegraph  Company  Specification. 
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When  the  dimension  at  the  butt  is  not  given,  the  poles  shall 
be  reasonably  well  proportioned  throughout  their  entire  length. 
No  pole  shall  be  over  six  (6)  inches  longer  or -three  (3)  inches 
shorter  than  the  length  for  which  it  is  accepted.  If  any  pole 
is  more  than  six  (6)  inches  longer  than  is  required  it  shall  be 
cut  back. 

MINIMUM  DIMENSIONS  OF  POLES  IN  INCHES. 


CLASS  “A”  CLASS  "B”  CLASS  "C” 

(Minimum  Top  (Minimum  Top  (Minimum  Top 


LENGTH 

OF  POLES 
(FEET) 

Circumference  28) 
Circumference 

8 Feet  from  Butt 

Circumference  25)  . 

Circumference 

6 Feet  from  ^utt 

. Circumference  22) 
Circumference 

6 Feet  from  Butt 

20 

30 

28 

26 

22 

32 

30 

27 

25 

34 

31 

28 

30 

37 

34 

30 

35 

40 

36 

32 

40 

43 

38 

34 

45 

45 

40 

36 

50 

47 

42 

38 

55 

49 

44 

40 

60 

52 

46 

41 

65 

54 

48 

43 

QUALITY  OF  TIMBER. 

Dead  Poles.  No  dead  poles  and  no  poles  having  dead  streaks 
covering  more  than  one-quarter  of  their  surface  shall  be  ac- 
cepted under  these  specifications.  Poles  having  dead  streaks 
covering  less  than  one-quarter  of  their  surface  shall  have  a cir- 
cumference greater  than  otherwise  required.  The  increase  in 
the  circumference  shall  be  sufficient  to  afford  a cross  sectional 
area  of  sound  wood  equivalent  to  that  of  sound  poles  of  the 
same  class. 

Twisted,  Checked  or  Cracked  Poles.  No  poles  having  more 
than  one  (1)  complete  twist  for  every  twenty  (20)  feet  in  length, 
no  cracked  poles,  and  no  poles  containing  large  season  checks, 
shall  be  accepted  under  these  specifications. 

Crooked  Poles.  No  poles  having  a short  crook  or  bend,  a 
crook  or  bend  in  two  planes,  or  a reverse  crook  or  bend,  shall 

\ 
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be  accepted  under  these  specifications.  The  amount  of  sweep 
measured  between  the  six  (6)  foot  mark  and  the  top  of  the 
pole,  shall  not  exceed  one  (1)  inch  to  every  six  (6)  feet  in  length. 

“Cat  Faces.”  No  poles  having  “cat  faces,”  unless  they  are 
small  and  perfectly  sound,  and  the  poles  have  an  increased 
diameter  at  the  “cat  face”  and  no  poles  having  “cat  faces”  near 
the  six  (6)  foot  mark,  or  within  ten  (10)  feet  of  their  tops  shall 
be  accepted  under  these  specifications. 

Shaved  Poles.  No  shaved  poles  shall  be  accepted  under  these 
specifications. 

Wind  Shakes.  No  poles  shall  have  cup  shakes  (checks  in 
the  form  of  rings)  containing  heart  or  star  shakes  which  en- 
close more  than  ten  (10)  per  cent,  of  the  area  of  the  butt. 

Butt  Rot.  No  poles  shall  have  butt  rot  covering  in  excess 
of  ten  (10)  per  cent,  of  the  total  area  of  the  butt.  ’ The  butt 
rot,  if  present,  must  be  located  close  to  the  center  in  order  that 
the  pole  may  be  accepted. 

Knots.  Large  knots,  if  sound  and  trimmed  close,  shall  not 
be  considered  a defect.  No  poles  shall  contain  hollow  or  rotten 
knots. 

Miscellaneous  Defects.  No  poles  containing  sap  rot,  wood- 
pecker holes  or  plugged  holes,  and  no  poles  showing  evidences 
of  having  been  eaten  by  worms,  ants,  or  grubs  shall  be  accepted 
under  these  specifications. 

SPECIFICATIONS  FOR  SAWED  RED  WOOD  POLES.* 

General.  The  material  desired  under  these  specifications  con- 
sists of  poles  of  redwood  (Sequois  Sempervirens)  sawed  to 
shape  as  hereinafter  set  forth. 


*.\merican  Telephone  & Telegraph  Company  Specification. 
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Quality  of  Timber  and  Workmanship.  All  poles  shall  be 
of  sound  Number  One  Common  Redwood ; they  should  be 
reasonably  straight  and  well  sawn. 

Dimensions.  The  dimensions  of  the  poles  shall  be  in  accord- 
ance with  the  following  table: 

LENGTH  “A”  “B” 


FEET 

Top 

Butt 

Top 

Butt 

24 

6" 

X 

6" 

6" 

X 6" 

4" 

X 6" 

4" 

X 

6‘ 

25 

7" 

X 

7" 

10" 

X 10" 

6" 

X 6" 

9" 

X 

9' 

30 

7" 

X 

7" 

11" 

X 11" 

6" 

X 6" 

10" 

X 

10 

35 

7" 

X 

7” 

12" 

X 12" 

6" 

X 6" 

11" 

X 

ir 

40 

7" 

X 

7" 

13" 

X 13" 

6" 

X 6" 

12" 

X 

12' 

45 

7" 

X 

7" 

14" 

X 14" 

6" 

X 6" 

13" 

X 

13' 

50 

7" 

X 

7" 

isr 

X 15r 

6" 

X 6" 

14" 

X 

14' 

The  sectional  dimensions  of  the  sawn  poles  shall  not  be  more 
than  one-quarter  (|-)  of  an  inch  under,  or  three-quarters  (f) 
of  an  inch  over,  the  dimensions  specified  in  the  above  table. 
No  pole  shall  be  more  than  three  (3)  inches  longer  or  shorter 
than  the  lengths  required  in  the  above  table. 

Sapwood.  No  pole  shall  have  sapwood  covering  more  than 
four  (4)  per  cent,  of  the  area  of  all  the  surfaces.  No  pole  shall 
have  sapwood  for  a distance  of  more  than  eight  (8)  feet  from 
the  top.  No  sapwood  shall  be  deeper  than  one  (1)  inch  at 
any  point. 

Plugged  Holes.  No  poles  shall  have  plugged  holes. 

Cracked  Poles.  No  poles  shall  contain  cracks  transverse  to 
the  length  of  the  pole. 

Checked  Poles.  No  pole  shall  contain  large  season  checks. 

Wind  Shakes.  No  pole  shall  contain  wind  shakes  including 
in  excess  of  ten  (10)  per  cent,  of  the  area  of  the  butt. 
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Knots.  No  poles  shall  contain  loose,  hollow,  or  rotten  knots, 
black  or  red  knots  shall  be  carefully  examined  for  internal  rot. 

In  four  (4)  inch  by  six  (6)  inch  poles  sound  knots  with  a 
diameter  smaller  than  one  (1)  inch  may  be  present  in  any  num- 
ber. No  four  (4)  inch  by  six  (6)  inch  pole  shall  be  accepted 
which  contains  more  than  one  sound  knot  in  each  five  (5)  super- 
ficial feet  having  a diameter  of  one  (1)  inch  or  more,  or  which 
contains  any  knots  with  a diameter  greater  than  one  and  one- 
half  (1|)  inch. 

In  all  other  sizes  of  poles  covered  by  these  specifications 
sound  knots  with  a diameter  smaller  than  one  and  one-half  (1^) 
inches  may  be  present  in  any  number.  No  pole  shall  be  ac- 
cepted which  contains  more  than  one  sound  knot  in  each  five  (5) 
superficial  feet  having  a diameter  of  one  and  one-half  (1^) 
inches  or  more,  or  which  contains  any  knots  of  a diameter 
greater  than  two  and  one-half  (24)  inches. 

NOTE tt'here  diameters  are  specified  in  connection  with  knots. 

the  knot  shall  be  rated  on  the  basis  of  its  average  diam- 
eter. 

SPECIFICATIONS  FOR  YELLOW  PINE  POLES.* 

Quality  of  Timber.  All  poles  shall  be  cut  from  the  best 
quality  of  live,  straight  grained,  unbled,  long  leaf  yellow  pine. 
The  butt  end  shall  be  squared  and  the  top  end  pointed  to  an 
angle  of  forty-five  (45)  degrees.  The  poles  shall  be  sawed 
octagonal  in  shape  and  shall  be  dressed,  with  the  heart  running 
parallel  to  the  line  of  the  pole.  The  timber  shall  be  free  of 
decayed  or  loose  knots  or  clusters  of  small  knots. 

Classification  and  Dimensions.  Poles  shall  be  classified  ac- 
cording to  their  butt  dimensions  into  two  classes,  to  be  known 
as  Class  “A”  poles  and  Class  “B”  poles,  with  dimensions  for 
the  respective  classes  as  specified  in  the  following  table.  Where 
“top”  measurement  is  specified  it  shall  be  the  diameter  at  the 
top  of  the  pole  and  where  “butt”  measurement  is  specified  it 
shall  be  at  the  diameter  of  the  butt  end  of  the  pole. 


■'National  Electric  Light  .Association  Specification. 
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Inspection  and  Rejection.  All  poles  shall  be  subject  to  iti- 
.spection  by  the  purchaser’s  representative,  either  in  the  woods 
where  the  trees  are  felled,  or  at  any  point  of  shipment,  or  des- 
tination. Each  pole  thus  inspected  shall  be  marked  according 
to  its  length  and  class  with  a marking  hammer,  by  the  pur- 
chaser’s representative.  All  poles  failing  to  meet  these  specifica- 
tions shall  be  rejected. 

DIMENSIONS  OF  POLES  IN  INCHES  (DIAMETER). 


GTH  OF  POLES 

CLASS 

“A” 

CLASS 

(FEET) 

Top 

Butt  End 

Top 

Butt  End 

30 

8 

11 

7 

10 

35 

8 

12 

7 

11 

40 

8 

13 

7 

12 

45 

8 

14 

7 

12 

50 

8 

15 

7 

13 

55 

8 

16 

7 

14 

60 

8 

17 

65 

8 

18 

SPECIFICATIONS  FOR  CREOSOTED  YELLOW  PINE  POLES.* 

These  specifications  are  for  Class  “A,”  “B”  and  “C”  poles  of 
Southern  Yellow  Pine  treated  with  Dead  Oil  of  Coal  Tar. 

Quality  of  Poles.  All  poles  shall  be  sound  southern  yellow 
pine  (longleaf,  shortleaf  or  loblolly  yellow  pine)  squared  at  the 
butt,  seasoned,  straight,  well  proportioned  from  butt  to  top, 
peeled  and  afterwards  trimmed  close.  All  poles  shall  be  free 
from  large  or  decayed  knots.  All  poles  shall  be  cut  from  live 
timber. 

It  is  desired  that  all  poles  be  well  air  seasoned  before  treat- 
ment and  such  poles  shall  be  treated  in  accordance  with  the  re- 
quirements for  treating  seasoned  timber  contained  in  the  “Speci- 
fications for  Creosoting  Timber”  referred  to  in  Section  9.  The 
poles  shall  not  be  held  for  seasoning,  however,  up  to  the  point 
where  local  experience  shows  that  sapwood  decay  would  begin. 

*American  Telephone  & Telegraph  Company  Specification. 
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Unseasoned  poles  shall  be  treated  in  accordance  with  the  re- 
quirements for  treating  unseasoned  timber  contained  in  the 
above  mentioned  specifications. 

All  poles  shall  be  sufficiently  free  from  adhering  “inner  bark” 
before  treatment  to  permit  the  penetration  of  the  oil.  If  the 
“inner  bark”  is  not  satisfactorily  removed  when  the  pole  is 
peeled,  the  pole  shall  either  be  shaved,  or  be  allowed  to  season 
until  the  “inner  bark”  cracks  and  tends  to  peel  oft  of  the  surface 
of  the  pole. 

Dimensions.  The  dimensions  of  the  poles  shall  not  be  less 
than  those  given  in  the  following  table: 


DIMENSIONS  OF  POLES  IN  INCHES  (CIRCUMFERENCE). 


LENGTH 
OF  POLES 
(FEET) 

25 

CLASS  “A” 

6 ft.  from 

Butt 

33 

CLASS  “B" 

6 ft.  from 
Butt 

30 

CLASS  “C’ 
6 ft,  from 
Butt 

28J 

30 

35 

32 

30  i 

35 

38 

34 

32 

^0 

40 

36 

■ 34 

45 

42-1 

38 

36 

50 

441 

40 

38 

55 

47 

424 

40 

60 

49 

441 

42 

65 

51 

47 

44 

70 

53 

49 

46 

75 

55 

51 

80 

57 

No  Class 

“A”  poles  having 

a top  circumference  of  less 

than 

twenty-two 

(22)  inches  will  be  accepted. 

N’o  Class 

“B”  poles  having 

a top  circumference  of  less 

than 

twenty  f20) 

inches  will  be  acc 

epted. 

N’o  Class 

“C”  poles  having 

a top  circumference  of  less 

than 

eighteen  (18)  inches  will  be 

accepted. 

Framing 

of  Poles.  Before 

the  poles  are 

subjected  to 

the 

creosoting  process  they  shall 

be  framed,  as 

ordered. 
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The  tops  of  all  poles  shall  be  roofed  at  an  angle  of  ninety 
(90)  degrees. 

All  Class  “A”  poles  shall  have  eight  (8)  gains,  all  Class  “B” 
poles  shall  have  four  (4)  ,gains  and  Class  “C”  poles  shall  have 
two  (2)  gains. 

The  gains  shall  be  located  on  the  side  of  the  pole  with  the 
greatest  curvature,  and  on  the  convex  side  of  the  curve.  The 
faces  of  all  gains  shall  be  parallel.  Each  gain  shall  be  four  and 
one-half  (4.})  inches  wide  and  one-half  (4)  inch  deep,  spaced 
twenty-four  (24)  inches  on  centers.  The  center  of  the  top  gain 
shall  be  twelve  (12)  inches  from  the  apex  of  the  gable.  A 
twenty-one-thirty-second  (21/32)  inch  hole  shall  be  bored 
through  the  pole  at  the  center  of  each  gain  perpendicular  to  the 
plane  of  the  gain. 

Inspection.  The  quantity  of  dead  oil  of  coal  tar  forced  into 
the  poles  shall  be  determined  by  tank  measurements,  and  by 
observing  the  depth  of  penetration  of  the  oil  into  the  pole.  In 
the  case  of  poles  having  a growth  of  sapwood  not  less  than  one 
and  one-half  (14)  inches  in  thickness,  the  depth  of  penetration 
shall  be  not  less  than  one  and  one-half  (1^)  inches.  In  the  case 
of  poles  having  a growth  of  sapwood  less  than  one  and  one-half 
(14)  inches  in  thickness,  the  dead  oil  of  coal  tar  shall  penetrate 
through  the  sapwoofl  and  into  the  heart'wood. 

Depth  of  penetration  shall  be  determined  by  boring  the  pole 
with  a one  (1)  inch  auger.  The  right  is  reserved  to  bore  for 
this  purpose,  two  (2)  holes  at  random  about  the  circumference, 
one  (1)  hole  five  (5)  feet  from  the  butt  and  one  (1)  hole  ten 
(lOt  feet  from  the  top.  After  inspection  each  bore  hole  shall 
be  first  filled  with  hot  dead  oil  of  coal  tar,  and  then  with  a close 
fitting  creosoted  wooden  plug. 

The  rejection  of  any  pole  on  the  score  of  insufficient  penetra- 
tion shall  not  preclude  its  being  retreated  and  again  offered  for 
inspection. 
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CONDUCTOR  SAGS. 

The  sag  curves,  Pages  92  to  110,  inclusive,  are  divided  into 
two  sections : 

First:  Those  showing  the  minimum  sag  under  normal  condi- 
tions (sixty  (60)  degrees  Fahrenheit,  no  wind  or  ice  loading) 
to  which  conductors  may  be  strung  so  that  when  loaded  with 
the  specified  loads  (zero  (0)  degrees  I'ahrenheit,  eight  (8) 
pounds  wind  and  one-half  (1)  inch  of  ice)  the  total  tension  will 
not  exceed  one-half  ( J)  the  ultimate  strength  of  the  conductors. 
(Section  III,  Paragraph  316,  Section  VI,  Paragraph  618.) 

Second:  Those  showing  the  minimum  sag  under  normal  con- 
ditions (sixty  (60)  degrees  Fahrenheit,  no  wind  or  ice)  to  which 
conductors  may  be  strung  so  that  when  the  specified  loads  (zero 
(0)  degrees  Fahrenheit',  eight  (8)  pounds  wind  and  one-half  ( I) 
inch  of  ice)  are  imposed  upon  them  the  total  tension  will  not 
exceed  one-half  (.()  the  ultimate  strength  of  the  conductors, 
with  a maximum  limit  of  2,000  pounds.  (Section  III,  Para- 
graph 326,  Section  VI,  Paragraph  628.) 

Sags  For  Unequal  Spans,  Level  Supports  and  Normal  Conditions. 

When  the  crossing  and  adjoining  sjtans  are  of  different  lengths 
it  is  not  possible  to  so  string  the  conductors  so  as  to  make  both 
the  normal  tension  and  the  loaded  tension  balance  in  the  several 
spans.  This  condition  should  be  met  by  selecting  :i  sag  for  the 
longest  span  not  less  than  that  shown  in  the  accompanying 
curves.  Pages  96  to  114,  inclusive.  (Fither  groujn  as  the  case 
may  be.) 

The  sags  for  the  other  spans  should  then  be  made  propor- 
tional to  the  square  of  the  longest  span  and  the  span  considered. 
The  total  normal  tension  in  each  of  the  spahs  will  then  balance 
and  the  total  tension  under  loaded  conditions  will  be  slightly 
less  in  the  short  spans  than  in  the  longest  span. 
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Example : 

Assume — A crossing  span  length  of  300  ft. 

Adjoining  spans  of  400  ft.  and  200  ft.,  respec- 
tively. 

Conductors  No.  0 A.  W.  G.,  copper,  hard  drawn, 
solid,  bare. 

Sag  from  curve.  Page  96,  for  a 400  ft.  span  is 
■ 8.9  ft. 


Making  the  sags  in  the  other  spans  proportional  to  the  square 
of  the  spans;  the  sag  in  the  300  ft.  span  will  be, 

(300)2  X 8.9 
(400)2  ^ 

The  sag  in  the  200  ft.  span  will  be, 

(200)2  X 8.9 


5.0  ft. 


(400)2 


= 2.22  ft. 


Sags  for  Supports  at  Different  Elevations. 

The  sag  curves  have  been  based  on  the  supports  being  at  the 
same  elevation.  This  condition  is  not  always  possible.  The 
curve  on  Page  115  covers  the  correction  of  the  sag  curves  to 
care  for  this  condition. 

The  use  of  this  correction  may  best  be  illustrated  by  taking 
a concrete  case : 

Example : 

Assume — A span  of  4(X)  ft. 

A difference  in  level  of  supports  of  6 ft, 

Conductors  No.  0 A.  W.  G.,  copper,  hard  drawn, 
solid,  bare. 

The  curve.  Page  96,  requires  a sag  of  8.9  ft. 

The  ratio  of  difference  in  level  of  supports  divided  by  the  sag 
is  6.0  divided  by  8.9  equals  0.674,  which  is  the  ratio  marked 
h/s  on  curve.  Page  111.  The  multiplier  C for  this  ratio  is 
0.692.  Therefore  the  sag  below  the  lowest  point  of  support  is, 
0.692  X 8.9  equals  6.16  ft. 
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If  the  sag  is  to  be  measured  from  the  higher  support,  the 
sag  below  the  lower  support  may  be  obtained  as  above  and  the 
difference  in  elevation  of  the  supports  added  thereto,  or  the 
sag  below  the  higher  support  is, 

6.16  -j-  6.0  equals  12.16  ft. 

Sag  Correction  for  Temperature. 

The  curves,  Pages  115  to  119,  inclusive,  cover  the  correction 
of  sags  for  stringing  temperatures  otlicr  than  that  for  which 
the  sag  curves  were  calculated.  These  ligures  cover  the  com- 
mercial range  of  stringing  conditions  for  temperatures  at  time 
of  stringing,  varying  between  twenty  (20)  degrees  Fahrenheit 
and  100  degrees  Fahrenheit,  and  for  spans  of  from  100  feet  to 
1000  feet,  inclusive,  in  100  foot  steps,  with  the  exception  that 
a 150  foot  span  has  also  been  included.  They  represent  average 
values  for  each  degree  Fahrenheit  difference  between  actual 
stringing  temperatures  and  the  temperature  for  which  the  curves 
were  calculated ; that  is  sixty  (60)  degrees  Fahrenheit.  The 
correction  for  twenty  (20)  degrees  Fahrenheit  above  sixty  (60) 
degrees  Fahrenheit  is  different  from  the  correction  for  twenty 
(20)  degrees  Fahrenheit  below  sixty  (60)  degrees  Fahrenheit. 
The  results  have  therefore  been  plotted  for  temperatures  above 
and  for  temperatures  below  sixty  (60)  degrees  Fahrenheit.  The 
correction  for  temperatures  greater  than  sixty  (60)  degrees 
Fahrenheit  are  to  be  added  to  the  normal  sags  and  subtracted 
for  temperatures  less  than  sixty  (60)  degree  Fahrenheit. 

The  use  of  these  corrections  may  be  illustrated  by  assuming 
a specific  case : 

Example : 

Assume — A span  of  400  ft. 

Conductors  No.  0 A.  W.  G.,  copper,  hard  drawn, 
solid,  bare. 

Stringing  temperature  75°  F. 

Minimum  normal  sag  (Page  96)  is  8.9  ft. 

Difference  between  stringing  temperature  and 
normal  temperature  is  15°  F. 

The  ratio  for  sag  divided  by  span  is  0.0223. 
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The  correction  per  degree  Fahrenheit  for  this  ratio  for  tem- 
peratures greater  than  60°  for  a span  of  400  ft.  (Page  113) 
is  0.0258. 

Total  correction  for  15°  F.  difference  is 

15  X 0.0258  squals  0.387,  or  say  0.39. 

Then  the  corrected  sag  is  8.9  plus  0.39  equals  9.29  ft. 

If  some  other  span  than  those  covered  by  specific  curves  are 
used  the  correction  may  be  obtained  by  interpolation  between 
curves. 

Determination  of  Amount  of  Sag  for  Various  Points  in  a Span. 

The  sag  curves,  on  Pages  96  to  114,  inclusive,  show  for  wires 
of  different  sizes  and  materials  the  value  of  the  centre  sag  at 
which  these  wires  should  be  strung  under  normal  conditions  to 
have  the  assumed  factors  of  safety  under  the  designated  loaded 
conditions.  At  times  it  is  desirable  to  know,  not  only  the 
amount  of  the  sag  at  the  centre  of  the  span,  but  also  the  amount 
of  the  sag  at  some  other  point  in  the  span.  This  is  necessary, 
for  example,  in  ol:)taining  the  clearance  over  other  wires  where 
the  point  of  crossing  between  the  crossing  span  and  the  wires 
crossed,  occurs,  not  at  the  centre  of  the  crossing  span,  but  at 
some  other  point. 

On  Page  120,  there  is  given  a curve  by  means  of  which,  given 
the  amount  of  the  centre  sag,  there  can  be  determined  the 
amount  of  the  sag  at  any  other  point  in  the  span.  This  curve 
gives  the  value  of  the  sag  at  all  points  on  the  catenary  curve, 
expressed  in  per  cent,  of  the  centre  sag.  The  use  of  the  curve 
shown  on  this  figure  is  as  follows; 

Example: 

Assume — A span  of  400  ft. 

A centre  sag,  determined  from  the  sag  tables,  of 
8.9  ft. 

The  crossing  span  crosses  over  a Class  “C”  Line, 
on  which  the  top  wire  at  the  point  of  this  cross- 
ing has  an  elevation  of  25  ft. 
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This  point  of  crossing  to  be  120  ft.  from  the  near- 
est support  of  the  crossing  conductor,  and  that 
a minimum  vertical  clearance  of  6 ft.  6 iu.  is 
required  at  the  point  of  crossing. 

Required — At  wliat  height  must  the  crossing  conductor  be 
supported  in  order  that  this  required  vertical 
clearance  shall  be  obtained  ? 

As  the  span  length  is  400  ft.,  and  the  distance  from  the  nearest 
support  to  the  point  of  crossing  is  120  ft.,  this  distance  is  30 
per  cent,  of  the  span  length.  From  the  curve.  Page  116,  the 
value  of  the  sag  at  this  point  is  84  per  cent,  of  the  centre  sag. 
The  sag  at  this  point,  therefore,  equals  8.9  X .84  = 7.47  ft. 

Therefore,  the  required  elevation  of  the  crossing  conductor 
at  its  point  of  support  is  equal  to  the  height  of  the  Class  “C” 
wires  crossed  (25  ft.),  plus  the  minimum  vertical  clearance  re- 
quired (6.5  ft.),  plus  the  sag  of  the  conductor  at  the  point  of 
crossing  (7.47  ft.) 

25  ft.  + 6.5  ft.  + 7.47  ft.  = 38.97  ft. 
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Conductor  Sags — Copper — Soft  Drawn — Solid — Bare. 
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Sec  TX. 


Conductor  Sags — ^Copper — Soft  Drawn — Solid — Weatherproof. 
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Conductor  Sags — Copper — Soft  Drawn — Stranded — Bare. 
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Conductor  Sags — Copper  - - Soft  Drawn  - -Stranded  - Weatherproof. 
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Conductor  Sags — Copper — Hard  Drawn — Solid  Bare. 
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Conductor  Sag.s  -Copper — Hard  Drawn — Solid — Weatherproof. 


(II  HTiS 


HI 


102 


Sec.  IX. 


APPENDIX  C— Page  12. 

Conductor  Sags  -Copper — Hard  Drawn-  Stranded — Bare. 
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Conductor  Sags — Aluminum — Stranded- -Bare. 
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Conductor  Sags — Steel  Strand — Bare. 
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Conductor  Sags — 2000  Lbs.  Limitation— Copper — Soft  Drawn — 

Solid — Bare. 
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Conductor  Sags — 2000  Lbs.  Limitation-  Copper  Soli  Di  .wi; 
Solid  Weatherproof. 
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Conductor  Sags-  2000  Lbs.  Limitation — Copper — Soft  Drawn — 

Standard — Bare. 
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Conductor  Sags— 2000  Lbs.  Limitation — Copper  Soft  Drawn 
Stranded — Weatherproof. 
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Conductor  Sags — 2000  Lbs.  Limitation — Copper — Hard  Drawn- 

Solid — Bare. 
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Solid — Weatherproof. 

Conductors  Sags — 2000  Lbs.  Limitation  Cupper  Hard  Drawn 
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Conductor  Sags  2000  Lbs.  Limitation — Copper — Hard  Drawn — 

Stranded — Bare. 
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Conductor  Sags — 2000  Lbs.  Limitation — Copper — Hard  Drawn- 
Stranded*  Weatherproof. 
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Conductor  Sags — 2000  Lbs.  Limitation — Aluminum- 


Stranded — Bare. 
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Sag  Correction  Factor-  Supports  at  Different  Elevations. 
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Sag  Correction  for  Temperature — Copper — Soft  Drawn. 
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Sag  Correction  for  Temperature — Copper  Hard  Drawn. 
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Sag  Correction  for  Temperature — Aluminum— Stranded. 
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Sag  Correction  for  Temperature  —Steel  Strand. 
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Catenary  Curve  Ordinates. 
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Ill,  Paragraphs  326  and  327. 
VI,  Paragraphs  628  and  629. 


Section 
Section 

Section  VII,  Paragraph  712. 


Fig.  I. — Suggested  Method  of  Construction  at  Crossing  Pole,  Showing 
Conductor  Attachments  with  Double  Cross-arms,  Pin 
Type  Insulators  and  Ties. 


H tiot  practicable  to  vSide  guy, 
design  construction  according 
to  Para.  339-  & 041 


Install  head  guys  before 
wire  is  strung.  See  Para.  348. 

& #>50  „ . ... 

Head  guy  and  side  guy, 

if  required  by  conditions. 
See  Para.  3.38. & 640 

All  guys  shall  be  insulared 
or  permanently  and  effectually 
grounded.  Sec  Para.  354.  & 

All  guys  shall  be  of  not 
less  than  5/16"  steel  strand. 




Ground  wire  not  less 
than  5/16"  steel  strand. 

Distance  "A”  not  less 
than  as  specified  in  Para.  310.8^ 

612 

_ For  detail  of  tie.*^/ 
see  Appendix  D.  Fi 


Insulator,  pin  and  conductor 
fastening  to  be  capable  of 
withstanding,  with  the  ^3 
designated  factor  of 
safety,  the  allowabler;^ 
tension  in  the  conductor. 

When  double  arms,  with 
pin  type  insulators,  are  used, 
the  load  is  assumed  to  be 
distributed  equally  to  both 
pins 


Ground  conductor  not  less 
conductivity  than  FCo.  4 
copper  wire.  Sec  Para.  318. & 
620 

Double  arms  to  be  capable  of 
withstanding,  without  failuror" 
the  combined  pull  of  all  condiic* 
tors.  Para.  320  and  - 

.,631  8c  6.32  , , 
l or  method  of  figuring  strength 
of  double  anns,  see  Appendix  F.. 


ine  wire  to  Ih- 
so  erected  tliat 
tension  under  the 
specified  loading 
will  not  exceed 
one-half  breaking 
strength.  See 
Para.  316. & 018 


Wood  crossarnis 
nor  less  than  31 
X 4i-''  cross  section 


Spacing  block  of  same  material 
and  cross  section  as  crossarms. 
Fastened  with  5/8  ' through  bolt. 


To  be  connected  to  a 
permanent  and  effectual 
ground 
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Form  of  Ties  for  Power  Lines. 


TOP  GROOVE  TIE  NO.  1 





vy 


TOP  GROOVE  TIE  NO.  2 


, SIDE  GROOVE  TIE  NO.  4 

All  tie  wires  shall  have  a surface  of  the  same  metal  as  that  of  the  line  wire 

in  order  to  prevent  corrosion. 

They  shall  be  dead  soft  so  tliat  when  twisted  up  they  will  hold  tight  and  not 
tend  to  spring  loose.  No  tie  wire  shall  ever  be  replaced  on  a line  after  having 
been  removed  therefrom. 

Use  Following  Size  Wire  for  Making  Ties 

# 6 A.  W.  G.  For  # 6 A.  W.  G.  Line  Wire 

Hb  " “ # 4 ••  '•  ■ “ 

#4  “ " # 2 

#4  “ # I 

#4  “ “ # 0 

# 2 


#00 


and  Larger 


Use  at  lea.st  the  number  of  turns  shown.' 
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Use  of  Clamps  with  Double  Pin  Type  Insulator. 


I Ills  drawing  shows  the  general  nature 
of  allowable  conductor  attachment. 
Details  of  attachment  need  not 
necessarily  be  exactly  as  shown. 


Sec.  IX. 


124 


APPENDIX  D— Fig.  4. 

Use  of  Clamp  with  Single  Pin  Type  Insulator  and  Metal  Crossarm. 
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Rope  Socket  for  Attaching  Large  Size  Conductor  to  Dead  End 

Insulator. 

This  drawing  shows  the  general  nature  of  allowable  conductor 
attachment.  Details  of  attachment  need  not  necessarily  be  ex- 
actly as  shown. 
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Disc  Type  Insulators.  Dead  End  Construction. 


In.Miiaior.s  to  meet  requirements  of  Para- 
gr.rpiis  S2t  anj  623  \rcing  Horns-  may  be 
rimitied  il  requirements  of  Parasjraphs  327  and 
626  also  are  complied  uitli,  or  if  insulator 
.‘support  is  pot  j^rounded. 


liiis  drawijijj  shows  the  general  nature  of 
allowable  conductor  attachment.  Details  of 
attachment  need  not  necessarily  be  exactly  as 
shown. 
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Use  of  Disc  Type  Insulators.  Dead  End  Construction  on  Wood 

Crossarms. 


Strain  Clamp 
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Disc  Type  Insulators.  Double  String. 


This  drawing  shows  the  general 
nature  of  allowable  conductor  at- 
tachment. Details  of  attachment 
need  not  necessarily  be  exactly  as 
shown. 


^ Insulators  to  meet  requirements  of  Para- 
^graphs  321  and  623  Arcing  Horns  may  be 
^omitted  if  requirements  of  Paragraphs  327  and 
?n629  . also  are  complied  with,  or  if  insulator 
sNsupport  is  not  grounded. 

: 

^•-Strain  Clamp 


-Strain  Clamp 
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Arcing  Shield  on  Pin  Type  Insulator. 


This  drawing  shows  the  general 
nature  of  allowable  conductor  at- 
tachment. Details  of  attachment 
need  not  necessarily  be  exactly  as 
shown. 
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METHOD  OF  FIGURING  STRENGTH  OF  DOUBLE 

CROSSARMS. 

When  double  crossarms  are  connected  together  at  the  ends 
with  spacing  blocks,  bolt's  or  plates,  their  combined  strength 
in  the  direction  of  the  pull  of  the  conductors  is  in  excess  of 
double  the  strength  of  a single  crossarm  and  is  less  than  the 
strength  of  two  crossarms  of  similar  dimensions  and  spacing, 
connected  as  a rigid  truss. 

Allowance  is  made  for  this  in  the  following  manner; 

(a)  Double  wood  or  steel  crossarms,  attached  to  poles,  con- 

nected together  at  the  ends  by  bolts  with  spacing  nuts 
and  washers  or  by  bolts  with  pipe  spacers  or  similar 
construction,  will  be  considered  as  having  a strength 
not  in  excess  of  thirty  (30)  per  cent,  of  the  strength 
of  two  crossarms,  of  similar  dimensions  and  spacing, 
connected  as  a rigid  truss. 

(b)  Double  wood  or  steel  crossarms,  attached  to  poles,  con- 

nected together  at  the  ends  by  spacing  blocks  or 
plates,  bolted  or  riveted  to  the  crossarms  will  be  con- 
sidered as  having  a strength  not  in  excess  of  forty 
(40)  per  cent,  of  the  strength  of  two  crossarms,  of 
similar  dimensions  and  spacing,  connected  as  a rigid 
truss. 

(c)  Steel  crossarms  designed  to  take  shear  between  the  main 

members  will  be  allowed  a factor  of  strength  in  ac- 
cordance with  their  construction. 

PROBLEM. 

Using  double  standard  three  and  one-half  (3|)  inch  x four 
and  one-half  (4^)  inch  6-pin  cross-arms  spaced  six  (6)  inches 
apart,  the  separation  being  maintained  by  spreader  blocks  and 
bolts,  will  the  requirements  of  Paragraphs  330  (b)  and  632  (b) 
be  obtained  in  arms  of  Yellow  Pine  or  Washington  Fir,  if  each 
of  the  conductors  is  stressed  in  the  same  direction  with  an  un- 
balanced pull  of  2,000  pounds  ? 
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SOLUTION. 

N.  E.  L.  A,  STANDARD  6-PIN  CROSSARM. 


8 fi  R 

f 

— N 

i 1 

0 

r 

z 

L 

<1 

L 

^ 2 * 

m = 15  in. 

n = 14.5  in. 

0=4  in. 

J-  = 48  in. 

2 

Pull — 2,000  pounds  on  each  pin. 

In  determining  the  total  bending  moment,  it  is  necessary  to 
consider  the  total  load  applied  to  one  side  only. 

The  total  bending  moment  is  the  sum  of 

2,000  X ni  = 2,000  X 15  = 30,000  pound-inches. 

2,000  X m-j-n  = 2,000  X 29.5  = 59,000  pound-inches. 

2,000  X m+n-fn  = 2,000  X 44  = 88,000  pound-inches. 

That  is,  Total  Bending  Moment,  . . . =177,000  pound-inches. 

SECTION  OF  DOUBLE  CROSSARMS. 


-* S - 

t 

Q- 

^ m m m 

T 

r 

For  N.  E.  L.  A.  standard  6-pin  crossarms, 
p = 4^  in. 

q (diam.  of  bolt  hole)  = lly'W  in. 
r = in. 

s (spacing  between  arms)  = 6 in. 
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bd« 

Moment  of  Inertia  = 

b = p — q = 3 13/16  in.  = 3.81  in. 

d"  = (r+r+s)-''  — s"  = (13^  — 6®)  =-  1981. 

bd®  3.81  X 1981 

— = ==  628.97  = Moment  of  Inertia 

12  12 

Section  Modulus  of  rigid  truss  = 

Moment  of  Inertia  628.97 

— — = = 96.76 

i (r-f-r-|-s)  6.5  , 

Allowable  Section  Modulus  (See  (b)  above)  = 40  per  cent, 
of  Section  Modulus  of  rigid  truss. 

96.76  X .4  = 38.704. 

Fibre  Stress  = 

Bending.  Moment  177,000 

= = 4573  lbs.  per  sq.  in. 

Section  Modulus  38.704 

which  is  well  within  the  ultimate  fibre  stress  of  either  Yellow 
Pine  or  Washington  Fir  (as  obtained  by  multiplying  the  Allow- 
able Working  Unit  Stress,  Appendix  F,  by  the  Factor  of  Safety, 
Paragraph  359  or  661). 
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ALLOWABLE  WORKING  UNIT  STRESSES. 

Obtained  by  dividing  approved  ultimate  unit  strengths  by 
the  factors  of  safety  given  in  Paragraphs  359  and  661. 

Structural  Steel; 


Pounds 

Per  Square  Inch 

Tension  (net  section),  18,000 

Shear,  14,000 

Compression, 18,000 — 60h 


NOTE; — The  following  allowable  working  unit  stresses 
for  structural  steel  may  be  used  in  figuring 
steel  towers  to  meet  the  requirem.ents  of 
Paragraph  338 — (b)  Section  III,  or  Para- 
graph 640 — (b)  Section  VI. 


Tension  (net  section)  24,000 

Shear  18,700 

Compression  24,000 — 60^ 

Bolts,  Rivets,  Pins; 

Shear,  12,000 

Bearing,  24,000 

Bending, 18,000 

Conductor; 

Copper,  hard-drawn,  solid-  - 

A.  W.  G.  4/0,  3/0,  2/0 25,000 

A.  W.  G.  1/0 27,500 

A.  W.  G.  No.  1,  28,500 

A.  W.  G.  No.  2,  4,  6 30,000 

Copper,  soft-drawn,  solid 17,000 

“ hard-drawn,  stranded 30,000 

“ soft-drawn,  stranded 17,000 

Aluminum,  hard-drawn,  stranded 11,5(30 
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Timber; 


Working  Values 
for  Bending 
Lbs.  per  Sq.  In. 


Eastern  White  Cedar, 900 

Chestnut,  1,275 

Washington  Cedar,  1,275 

Idaho  Cedar, 1,275 

Port  Orford  Cedar,  1,725 

Long  Leaf  Yellow  Pine,  1,500 

Short  Leaf  Yellow  Pine,  1,200 

Douglas  Fir,  1,350 

White  Oak,  1,425 

Red  Cedar,  1,050 

Bald  Cypress  (Heart'wood),  1,200 

Redwood 975 

Catalpa,  750 

Juniper,  825 


Values  based  upon  factor  of  safety  of  four  (4)  ; compres- 
sion working  values  equal  bending  working  values  multi- 
plied  by  (,_^)  ; 

L — Length  in  inches. 

D — Length  side,  or  diameter,  in  inches. 
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APPENDIX  G. 

Section  III,  Paragraph  362. 
Section  VI,  Paragraph  664. 

Fig.  I. — Short  Span  Construction. 


Where  practicable,  pole  of  line 
crossed  should  be  in  line  with  cross- 
To  avoid  the  necessity 
or  towers  of  excessive 
supports  for  the  crossing 


. (A)  — The  line  crossed  shall 

^ be  built  as  low  as  possible, 

^ (B)  — On  Class  “ C ” lines  so 

crossed,  the  horizontal  distance  be- 
^ tween  conductors  may  be  reduced 
^ to  permit  the  crossing  poles  or 
^ towers  to  be  placed  closer  together 


Grounded 
Guard  Arm 


to  be  less  than 
or  “ Yi  •' 
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APPENDIX  G— Fig.  2. 
Short  Span  Construction. 


Conductors  in  the  crossing  span 
and  the  next  adjoining  spans  shall 
\X  meet  the  requirements  of  Para- 
^graphs  313-317  and  615-619  Inclu- 
’ve. 


Where  practicable,  pole  of  line 
crossed  should  be  in  line  with  cross- 


span. 

poles 


To  avoid  the 
or  towers  of 


necessity 

excessive 


height  as- supports  for  the  crossing 


span : 


I 

(A)  — The  line  crossed 
be  built  as  iow  as  possible. 

^ (B)  — On  Class 

I ■ ■ 


shall 


C ” lines  so 

crossed,  the  horizontal  distance  be- 
tween conductors  may  be  reduced 
^ to  permit  the  crossing  poles  or 
towers  to  be  placed  closer  together. 


Distance 


distances 


to  be  less  than 

r •*  Yl  ’’ 
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APPENDIX  H. 

Section  V,  Paragraph  542. 
Method  of  Tying  Wire  to  Insulators. 


Tie  For  Copper  Wire. 


Tie  For  Iron  Wire. 

For  size  of  tie  wires  see  Paragraph  542. 
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Section  VII,  Paragraph  714. 

Fig.  I. — Suggested  Method  of  Attaching  Conductor  in  open  Construction 

Steel  Bridges. 


Not  less  than  1 1/2  inches 
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Section  VII,  Paragraph  716. 

Suggested  Design  of  Wooden  Inverted  Trough  for  Protection  where 
Trolley  Contact  Wires  are  Attached  to  Steel  Bridges. 


•U 

c 


12 


■a 
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APPENDIX  J. 

TYPICAL  CROSSING  OF  POWER  LINE  OVER 

RAILROAD. 

WITH  WOODEN  POLE  CONSTRUCTION  IN  WHICH  CROSSING 
POLES  CANNOT  BE  SIDE  GUYED. 


DATA  OF  CROSSING. 

Voltage  of  Circuit. — 22,000  Volts. 

Lightning  Protection  Wire. — One  (1)  five-sixteenths  (5/16) 
inch  Galvanized  Steel  Strand,  ultimate  strength  4,860  pounds. 

Conductors. — Twelve  (12)  No.  2 A.  W.  Gauge  Soft  Drawn  Cop- 
per— Solid — Bare. 

Insulators. — Porcelain,  to  meet  requirement's  of  Paragraphs  623 
and  629. 

Pins. — Steel,  with  five-eighths  (f)  inch  bolt. 

Ties. — No.  4 A.  W.  Gauge — -Top  Groove  No.  1 or  No.  2 — 
Appendix  D,  Figure  2. 

Crossarms. — Three  and  one-half  (34)  inches  by  four  and  one- 
half  (44j  inches  Yellow  Pine — eleven-sixteenths  (11/16) 
inch  pin  holes — eleven-sixteenths  (11/16)  inch  hole  for 
through  pole  bolt. 

Poles. — Chestnut — Class  “A.” 

Pole  Framing. — Lightning  protection  wire  attached  six  (6) 
inches  from  top  of  pole.  Center  of  top  crossarm  five  (5)  feet 
below  point  of  attachment  of  lightning  protection  wire.  Cen- 
ter of  second  crossarm  two  and  one-half  (24)  feet  below 
center  of  top  crossarm.  Center  of  third  crossarm  two  and 
one-half  (2^)  feet  below  center  of  second  crossarm. 

Location  of  Poles. — The  location  of  poles  in  reference  to  rail- 
road tracks,  and  in  reference  to  the  associated  paralleling  pole 
line  of  the  railroad,  is  as  shown  in  the  plan  given  on  Page  153. 

Railroad  Pole  Line. — Height  of  top  wire  on  the  associated 
paralleling  pole  line  of  the  railroad  company,  above  elevation 
of  top  of  rail  at  point  of  crossing,  twenty-four  (24)  feet. 
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Length  of  Crossing  Span. — 150  Feet. 

Length  of  Adjacent  Span. — 120  Feet. 

Level  of  ground  at  base  of  pole  assumed  to  be  at  same  eleva- 
tion as  top  of  rail. 

CONSTRUCTION  REQUIREMENTS  DETERMINED  AS 

FOLLOWS: 

Sag  of  Conductors  (Under  Normal  Conditions). 

The  sag  in  the  crossing  span  will  be  determined  from  curve 
for  soft  drawn,  bare,  solid  copper  wire  given  on  Page  92. 

For  No.  2 A.  W.  Gauge,  span  150  feet — sag  = two  and  seven- 
tenths  (2.7)  feet. 

In  adjacent  spans,  for  balanced  condition  of  stress,  under 
normal  conditions,  the  sags  will  be  inversely  proportional  to  the 
square  of  the  length  of  the  spans.  In  the  spans  adjacent  to  the 
crossing  span,  the  normal  sag,  therefore,  will  be 

(120.)== 

(150)= 

Sag  of  Lightning  Protection  Wire. 

From  sag  curves  of  steel  strand  given  on  Page  101,  the  nor- 
mal sag  for  five-sixteenths  (5/^16)  inch  Siemens-Martin  strand, 
span  150  feet,  is  less  than  six  (6)  inches.  Therefore,  the  same 
sag  as  for  the  conductors,  or  two  and  seven-tenths  (2.7)  feet  in 
crossing  span,  and  one  and  seventy-three  one-hundredths  (1.73) 
feet  in  adjacent  spans,  can  be  used  with  increased  factor  of 
safety. 

Spacing  Conductors — From  Page  158. 

Volts  Span  Sag  Required  Spacing 

22.000  100  Feet  2 Feet  2 Feet  6 Inches 

22.000  200  Feet  4 Feet  2 Feet  6 Inches 

Therefore,  for  span  of  150  feet,  sag  tw'o  and  seven-tenths 
(2.7)  feet,  the  same  spacing  would  be  required,  or  two  (2)  feet 
six  (6)  inches.  As  the  conductors  on  adjacent  crossarms  are 
supported  in  the  same  vertical  plane,  the  gain  spacing  for  cross- 
arms  will  also  be  two  (2)  feet,  six  (6)  inches. 
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Clearances  of  Conductors  Over  Crossarms. 

The  vertical  clearance  of  the  conductor  above  the  crossarm, 
obtained  from  Page  157,  for  22,000  volts,  is  six  and  seventy- 
five  one-hundredths  (6.75)  inches.  This  makes  the  vertical  dis- 
tance between  the  conductor  and  the  centre  of  the  crossarra  nine 
(9)  inches. 

Vertical  Clearances  of  Conductors  Over  Railroad  Pole  Lines. 

The  pole  has  a height  of  fifty  (50)  feet,  and  is  set  seven  (7) 
feet  in  the  ground.  From  the  dimensions  of  the  pole  framing 
given  in  the  “Data  of  Crossing”  above,  the  distance  from  the 
centre  of  the  lowest  crossarm  to  the  ground  will  be  thirty-two 
and  fifty  one-hundredths  (32.50)  feet.  The  distance  of  the  con- 
ductors above  the  crossarms  is  nine  (9)  inches.  Therefore,  the 
conductors  on  the  lowest  crossarm  are  thirty-three  and  twenty- 
five  one-hundredths  (33.25)  feet  above  the  ground  level.  The 
ground  level  is  given  as  at  the  same  elevation  as  the  top  of  the 
rail. 

The  sag  of  the  conductors  in  the  crossing  span  is  determined 
above  as  two  and  seven-tenths  (2.7)  feet.  From  the  plan  given 
on  Page  153,  the  distance  “D”  referred  to  on  Page  155,  is 
seventy-five  (75)  feet.  Therefore,  from  this  table  the  minimum 
vertical  clearance  required  over  the  top  wire  of  the  railroad  pole 
line  at  the  point  of  crossing  is  six  (6)  feet.  This  point  of  cross- 
ing is,  from  the  plan,  fifty-four  (54)  feet'  from  the  nearest 
crossing  pole,  “B,”  or  thirty-six  (36)  per  cent,  of  the  crossing 
span  length.  The  sag  at  thirty-six  (36)  per  cent,  of  the  span 
length  is,  from  the  curve.  Page  116,  ninety-two  (92)  per  cent, 
of  the  centre  sag.  The  centre  sag  is  two  and  seven-tenths  (2.7) 
feet  making  the  sag  at  point  of  crossing  over  railroad  pole  line 
ninety-two  (92)  per  cent,  of  two  and  seven-tenths  (2.7)  feet, 
or  two  and  forty-eight  one-hundredths  (2.48)  feet.  Therefore, 
the  clearance  of  lowest  conductor  over  elevation  of  top  of  rail 
at  point  of  crossing  with  the  railroad  pole  line  will  be  thirty- 
three  and  twenty-five  one-hundredths  (33.25)  feet,  less  two  and 
forty-eight  one-hundredths  (2.48)  feet,  or  thirty  and  seventy- 
seven  one-hundredths  (30.77)  feet.  As  the  top  wire  of  railroad 
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pole  line  at  this  point  is  given  as  twenty-four  (24)  feet  above 
top  of  rail,  the  clearance  at  this  point  between  the  lowest  power 
wire  and  the  top  wire  of  the  railroad  pole  line  will  be  six  and 
seventy-seven  one-hundredths  (6.77)  feet,  which  is  in  excess 
of  the  minimum  required  clearance  of  six  (6)  feet  determined 
above. 

Clearance  of  Lowest  Power  Line  Over  Railroad  Track. 

The  centre  sag  of  the  crossing  span,  determined  as  above,  is 
two  and  seven-tenths  (2.7)  feet.  Therefore,  the  clearance  over 
the  top  of  the  rails  will  be  the  height  of  the  lowest  conductor 
above  the  top  of  the  rail  at  its  point  of  attachment  on  the  pole, 
less  this  sag,  or  thirty-three  and  twenty-five  one-hundredths 
(33.25)  feet,  less  two  and  seven-tenths  (2.7)  feet,  equal  to  thirty 
and  fifty-five  one-hundredths  (30.55)  feet,  which  is  greater  than 
the  vertical  clearance  required  at  this  point  from  Page  156,  the 
minimum  required  clearance  being  twenty-eight  (28)  feet,  six 
(6)  inches. 

Conductor  Attachments. 

As  the  conductors  in  the  crossing  span  are  strung  with  a nor- 
mal sag  of  two  and  seven-tenths  (2.7)  feet,  the  stress  in  each 
conductor,  under  the  conditions  of  maximum  loading  (zero  (0) 
degrees  Fahrenheit,  one-half  (4)  inch  ice  and  eight  (8)  pounds 
wind)  will  be  equal  to  one-half  (J)  the  ultimate  strength  of  the 
conductor,  or,  from  Page  160,  890  pounds.  As  this  is  less  than 
2,000  pounds,  the  conductors  may  be  attached  to  double  pin  type 
insulators,  with  ties  as  specified  in  Paragraphs  326  and  628,  and 
as  shown  in  Appendix  D,  Figure  1. 

Crossarms. 

Crossarms  to  be  of  Long  Leaf  Yellow  Pine,  of  dimensions 
as  shown  in  sketch  below,  and  to  be  double,  with  spacing  blocks : 

1-6  hole 
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Dead  Load  on  Crossarms  (Paragraph  632  (a)). 

The  vertical  load  on  the  two  (2)  crossarms,  under  maximum 
conditions  of  loading,  will  be,  for  each  conductor,  equal  to  the 
weight  per  foot  of  ice  covered  wire,  times  one-half  (^)  the  sum 
of  the  length  of  the  crossing  and  adjacent  span,  or  .673  lbs 
(from  Page  160)  X 150  -{-  120  = 91  lbs. 

2 

The  weight  per  arm  per  conductor  = 45.5  lbs. 

Bending  Moment  per  arm 

45.5  X 15  = 683  pound-inches. 

45.5  X 45  = 2,048  pound-inches. 

Total  Bending  Moment,  2,731  pound-inches. 

The  point  of  maximum  bending  moment  will  be  at  the  through 
bolt  attaching  the  arm  to  the  pole,  at  which  point  the  cross  sec- 
tion of  the  arm  is  reduced  by  the  amount  of  the  bolt  hole. 

The  following  shows  the  method  of  figuring  the  moment  of 
inertia  of  one  crossarm  at  this  point; 


Moment  of  Inertia  = 
b = P = 3.5 

d*  = (R4-R_|-S)^  — S*  = 90.8 
bd« 

= 26.5  Moment  of  Inertia 


P = 3.5 
R = 1.90625 
S = .6875 


Moment  of  Inertia 

Section  Modulus  = 


26.5 


i (R+R+S) 
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Fibre  Stress  = 

Bending  Moment  2731 

Section  Modulus  11.8 

As  the  allowable  fibre  stress,  from  Appendix  F,  is  1,500 
pounds,  the  stress  due  to  the  dead  load  is  well  within  the  limit. 

In  the  above  calculation,  no  account  has  been  taken  of  weight 
of  pins  and  insulators,  and  of  ice  on  the  crossarm,  and  no  al- 
lowance made  for  additional  strength  afforded  by  crossarm 
braces. 

Unbalanced  or  Broken  Wire  Load  on  Crossarms  (Paragraphs  632  (b). 

“To  withstand,  at  all  times  without  failure,  the  unbal- 
anced stress  due  to  the  combined  pull  in  one  direction  of 
all  the  conductors  supported, — the  pull  of  each  conductor 
being  taken  as  the  tension  in  the  conductor  due  to  the  speci- 
fied load.” 

The  pull  of  each  conductor  due  to  the  specified  loading,  as 
the  assumed  sag,  is  equal  to  one-half  {-})  the  ultimate  strength 
of  the  conductor,  or,  from  Page  160,  for  No.  2 A.  W.  Gauge, 
soft  drawn,  bare,  solid  copper  wire,  890  pounds. 

The  fibre  stress  for  double  arms  fitted  with  spacing  blocks  for 
the  unbalanced  load  due  to  the  pull  of  the  four  (4)  conductors 
supported,  will  be  determined,  as  set  forth  in  Appendix  E,  as 
follows : 

Using  the  notation  given  in  the  sketch  in  that  Appendix: 

m = 15  inches 
n = 30  inches 
0=4  inches 

JL  = 49  inches 
2 

Pull  = 890  pounds  per  conductor. 

Bending  Moment 

890  X 15  = 13,500  pound-inches. 

890  X 45  = 40,050  pound-inches. 


Total  Bending  Moment  53,550  pound-inches. 
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p = 4.5  inches. 

q (diam.  of  bolt  hole)  = 11_/16  inch. 
r = 3.5  inches, 
s = 6.0  “ 


Moment  of  Inertia  = 


bd® 

12 


b = p — ■ q = 3 13/16  inches  = 3.81  inches. 

= (r  + r + s)3  — s^  = (I33  — 6*)  = 1981. 
bd^  3.81  X 1981 

— = =628.97  Moment  of  Inertia. 


Section  Modulus  of  rigid  truss  = 
Moment  of  Inertia  628.97 

= 96.76. 


(r  + r + s) 


6.5 


Allowable  Section  Modulus  = 40%  of  Section  Modulus  of 
rigid  truss  = 96.76  X -4  = 38.704. 

Fibre  Stress  = 

Bending  Moment  53,550 


Section  Modulus  38.704 


= 1,383  lbs. 


Under  the  unbalanced  stress  due  to  the  combined  pull  in  one 
direction  of  all  conductors  supported,  the  double  arms  can  be 
stressed  to  their  ultimate  strength.  This  ultimate  strength  is, 
for  Long  Leaf  Yellow  Pine,  6,000  pounds,  and  the  calculated 
fibre  stress  is  well  within  this  limit. 


Poles. 

The  crossing  poles  are  given  as  Class  “A”  Chestnut.  Dimen- 


sions are  as  follows ; 

Length  50  feet 

Height  above  ground 43  feet 

Circumference  at  top 24  inches 

Diameter  at  top 7.63  inches 

Circumference  6 feet  from  butt....  51  inches 

Circumference  at  ground 50.4  inches 

Diameter  at  ground 16  inches 
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Distance  from  ground  line  to  conductors  supported  is  given 


as  follows : 

Lightning  protection  wire 42.50  feet 

Conductors  on  top  arm 38.25  feet 

“ “ second  arm 35.75  feet 

“ “ lowest  arm 33.25  feet 


Ground  level  at  base  of  pole  is  stated  to  be  at  the  same  eleva- 
tion as  top  of  rail. 


Transverse  Load  on  Poles  “B”  and  “C.” 

Due  to  wind  on  ice  covered  poles  and  wires.  Assume  maxi- 
mum stress  to  be  at  the  ground  line. 

The  approximate  moment  at  the  ground,  due  to  wind  pressure 
on  the  pole  would  be 

PbP  (Dj  + 2D,) 

Mp=  pound-feet. 


P = Pressure  in  pounds  per  square  foot  on  projected  area 
of  ice  covered  pole. 

H = Height  of  pole  above  ground,  in  feet. 

Dj  = Diameter  of  pole  at  ground,  in  inches. 

D,  = Diameter  of  pole  at  top,  in  inches. 

The  moment  at  the  ground,  due  to  wind  pressure  on  the 
wires,  would  be 


L n Ph- 


(S,  -f  .S,) 


pound-feet. 


Pj,  = Horizontal  load  per  lineal  foot  for  8.0  pounds  wind  and 
^ inch  ice.  Values  for  Pi,  for  various  sizes  of  wire  are  given 
on  Pages  160  to  165,  inclusive. 

L = Height  of  wires  above  ground,  in  feet, 
n = Number  of  wires. 

Sj  and  S,  — Length  of  adjacent  spans,  in  feet. 

Mp=Moment  due  to  wind  pressure  on  pole. 

Mco  = Moment  due  to  wind  pressure  on  lightning  protec- 
tion wire. 

Mci  = Moment  due  to  wind  pressure  on  wires  on  top  arm. 
Mc2  = Moment  due  to  wind  pressure  on  wires  on  second 


arm. 
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Mc3  = Moment  due  to  wind  pressure  on  wires  on  third  arm. 
Total  Moment  = Mp-j-Mco+Md+Mco+Mcg. 

Moment  due  to  wind  pressure  on  pole  with  ^ inch  ice  covered 
surface. 


Di+2  it^ch  ice  = 17.00 
D2-(-2  inch  ice  = 8.63 
8 (43)==  X (17  + 2 (8.63) 


7,039  Ib.-ft. 


Moment  due  to  lightning  protection  wire 
Ph  = .875  for  5//16  inch  galvanized 

strand — Page  161. 

Meo  = 42.5  X 1 X .875  X ^ = 5,020  Ib.-ft. 


Moment  due  to  wires  on  cross-arms 
Pj,  = .839  for  No.  2 A.  W.  Gauge,  solid, 

bare  wire. 

(120  -f  150) 

Mei  = 38.25  X 4 X .839  ^ ^ ^ = 17,330  Ib.-ft. 

(120  + 150) 

Me2  = 35.75  X 4 X -839  ^ ^ ^ = 16,197  Ib.-ft. 

(120  -f  150) 

Mc3  = 33.25  X 4 X .839  = 15,064  Ib.-ft. 


Moment  of  Resistance 


Total  Bending  Moment  ; 

F ttDj^ 


M = 


384 


60.650  Ib.-ft. 
'1^ 


In  which  M = Moment  in  pound-feet. 

F = Fibre  stress  in  pounds  per  square  inch. 

Dj  = Diameter  of  pole  at  ground. 

16^ 

F ~yy2 — ~ 60,650  pounds 

F = 1,807  “ = fibre  stress  per  square  inch. 


The  allowable  fibre  stress  for  chestnut  poles,  from  Appendix 
F,  is  1,275  pounds.  Therefore,  to  meet  the  requirements  of 
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Paragraph  640  (a),  the  Poles  “B”  and  “C”  should  be  side  guyed, 
but  it  is  assumed  that  it  is  physically  impossible  to  side  guy 
these  poles,  and  that  the  nearest  poles  that  can  be  side  guyed 
are  “A”  and  “E.”  The  guyed  poles  “A”  and  “E,”  and  the  entire 
line  between  them,  must,  therefore,  be  built  in  accordance  with 
the  requirements  of  Paragraph  641.  Poles  “B,”  “C”  and  “D” 
carry  thirteen  (13)  wires,  and  must  be  able  to  withstand  the 
transverse  load  of  the  wind  on  the  ice  covered  poles  and  wires, 
w'ith  a factor  of  safety  of  two  (2).  A factor  of  safety  of  two 
(2)  will  permit  a fibre  stress  of  2,550  pounds. 

The  figured  fibre  stress  of  these  poles,  due  to  the  transverse 
load,  as  calculated  above,  is  1,807  pounds,  and  is.  therefore, 
well  within  the  requirements  of  Paragraph  641. 

Unbalanced  Load  on  Crossing  Poles  “B”  and  “C.” 

(Paragraph  640  (b).) 

“To  withstand,  at  all  times  without  failure,  the  unbalanced 
stress  due  to  the  combined  pull  in  the  direction  of  the  cross- 
ing of  all  the  conductors  supported, — the  pull  of  each  con- 
ductor being  taken  as  the  tension  in  the  conductor  due  to  the 
specified  load.” 

Pull  of  ground  wire,  one-half  (4)  ultimate  strength=2,340 
lbs. 

Pull  of  eacli  conductor,  one-half  (4)  ultimate  strength— 890 
lbs. 

Bending  Moments 

2,430  X 42.50  = 103,275  pound-feet. 

3,560  X 38.25  = 136,170  pound-feet. 

3,560  X 35.75  = 127,270  pound-feet. 

3,560  X 33.25  = 118,370  pound-feet. 


F 


Total  Moment  = 485,085  pound-feet. 


16^ 

122 


= 485,085. 


F = 14,450  pounds  per  square  inch. 

The  allowable  fibre  stress  under  this  unbalanced  load  is  5,100 
pounds.  The  calculated  fibre  stress  is  in  excess  of  this  amount. 
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and,  therefore,  the  crossing  poles  “B”  and  “C”  must  be  head 
guyed. 


Side  Guys  (for  Poles  “A”  and  “E”). 


From  Paragraph  641  (a)  the  poles  must  be  guyed  to  take  the 
transverse  load  due  to  wind  and  ice  on  entire  line  between  the 
guyed  poles,  this  transverse  load  being  figured  as  taken  entirely 
by  the  guys  (Paragraph  651). 

The  transverse  force  acting  on  the  poles  will  include  the  wind 
pressure  on  the  ice  covered  pole,  and  the  transverse  force  due 
to  the  wind  pressure  on  the  ice  covered  wires.  The  length  of 
the  conductor  used  in  figuring  this  transverse  force  on  each  of 
the  two  guyed  poles  will  be  equal  to  one-half  (^)  the  distance 
between  the  guyed  poles,  plus  one-half  (^)  the  length  of  the 
span  adjacent  to  the  pole,  or  to 


510 


+ 


120 


= 315  feet. 


Moment  due  to  wind  on  pole  (from  Page  147)  Mp 


Moment  due  to  conductors — 


Mco  ~ 

II 

,5 

X 

1 

X 

.875 

X 

Mei  = 

= 38, 

.25 

X 

4 

X 

.839 

X 

Mco  = 

= 35, 

,75 

X 

4 

X 

.839 

X 

Mc3  = 

= 33 

.25 

X 

4 

X 

.839 

X 

7,039  pound-feet. 

f 

315  = 11,714  pound-feet. 
315  = 40,436  pound-feet. 
315  = 37,793  pound-feet. 
315  = 35,150  pound-feet. 


Total  Moment,  Mt  = 132,132  pound-feet. 
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Pole 


Ml  = Total  moment  on  pole. 

Lg  = Height'  of  guy  attachment  from  ground 
L'g  = Distance  of  guy  anchor  from  base  of  pole 
Tg  = Tension  in  guy  wire 


Lg  Sin  a 


1 

Si"  « = V'l  +^Lg\  ^ 

Ml  = 132,132  pound-feet. 

Lg  =31.5  feet 

L'g  = assume  = 10.5  feet 


Sin  0 


.3162 


V 1 + 


32,132 


(«)' 


31.5  X -3162 


= 13,266  pounds=tension  in  side  guy. 
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As  the  specified  factor  of  safety  for  guys  is  three  (3),  there 
would  be  required  to  meet  this  tension  a guy  having  an  ultimate 
strength  of  not  less  than  39,798  pounds.  This  is  too  heavy 
a guy  to  be  practicable,  and  the  tension  in  the  guy  should  be 
reduced  by  increasing  the  distance  of  the  guy  anchor  from  the 
base  of  the  pole,  that  is,  increasing  L'g.  Assume  L'g  can  be  made 
equal  to  Lg,  or  to  thirty-one  and  five-tenths  (31.5)  feet,  then — 

Sin  a = — ■ - - = .707 

VI  + ^31.5X2 

vTsj 

Tg  = 132,132 

31.5  X .747  == 

= tension  in  side  guy. 

This  would  require  a guy  having  an  ultimate  strength  of 
17,796  pounds,  which  could  be  obtained  by  using  two  Siemens- 
Martin  seven-sixteenths  (7/^16)  inch  guy  strands,  each  having 
an  ultimate  strength  of  9,000  pounds. 

Head  Guying  (For  Poles  “B”  and  “C.”) 

Total  moment  Mt  = 485,085  pound-feet. 

(From  Page  148.) 

Pole 
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Tg  = 


Sin  a = 


Mt 


Lg 

Sin  a 

1 

V 1 + i 

Mt 

= 485,085  ■ 

pound-feet. 

Lg 

= 31.5 

feet 

L'g 

= 120 

feet 

L"g 

= 25.5 

feet 

Sin  a 


V 1 + /25.5 


CSV 


= .978 


31— X-:978  ^ 

= tension  in  head  guy. 

Under  the  unbalanced  load  due  to  the  combined  pull  in  one 
direction  of  all  the  conductors  under  maximum  conditions  of 
load,  the  pole,  or,  in  this  case  its  supporting  guys,  can  be 
figured  to  withstand  this  unbalanced  stress  “without  failure” ; 
that  is,  the  guys  can  be  figured  as  stressed  to  their  ultimate 
strength.  There  will  be  required,  therefore,  guys  with  ultimate 
strength  of  15,746  pounds.  To  obtain  this,  there  can  be  used 
two  (2)  seven-sixteenths  (7/16)  inch  Siemens-Martin  galvan- 
ized steel  strands,  having  an  ultimate  strength  of  9,000  pounds 
each ; or,  the  unbalanced  stress  may  be  assumed  to  be  distributed 
equally  over  the  crossing  poles  and  the  next  adjoining  poles,  as 
provided  for  in  the  last  part  of  Paragraph  640  (b).  If  so  as- 
sumed, one  (1)  head  guy  may  be  installed  on  each  of  the 
crossing  poles  “B”  and  “C,”  and  also  on  each  of  the  next  ad- 
joining poles,  “A”  and  “D,”  each  of  these  guys  to  be  a seven- 
sixteenths  (7/16)  inch  Siemens-Martin  galvanized  steel  strand, 
having  an  ultimate  strength  of  9,000  pounds. 
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A . 5 


r 
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mru 
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li  OF  POWER  LINE  OVER  RAILROAD,  WITH  WOODEN  POLE  CONSTRUCTION, 

IN  WHICH  CROSSING  POLES  CAN  NOT  BE  SIDE  GUYED. 

loiie  the  nearest  poles  at  which  it  is  practicable  to  install  side  guys,  as  provded  for  in  paragraph  64r. 


C D 


1 

^-£1 i if 

v,l  1 

^1 

= *-1 

J 

Ji 

i 

1 

— — 'T  . 

ai, 

i 1 

f 

1 

5r  ^ 

^1 

V 

i1 

k 



N 

■N. 

,S| 

(r/Pi£>JS//fa  1 /S£> 

/7o^r-fai.  3^^/^  / ZO' 

— f 

S 

Q 

■s 

Q 

>0 

It 

Vj 
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! 

i 
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MISCELLANEOUS  TABLES. 

Minimum  Vertical  Clearances. 

(Under  Normal  Conditions.) 

Paragraphs  307  and  609. 

BETWEEN  CONDUCTORS  OF  THE  CROSSING  SPAN 
AND  THE  SPAN  CROSSED. 

Note: — In  this  table  clearancM  are  given  for  voltages  ordinarily  used  and  for  various 
values  of  the  distance  “D".  Distance  “D”  is  the  sum  of  the  distances  from  the  point 
of  crossing  to  the  nearest  pole  supporting  the  crossing  span,  and  from  the  point  of  crossing 
to  the  nearest  pole  supporting  the  span  crossed,  as  shown  in  sketch  below. 


Voltage 

of 

Circuit 

Clearances  for  various  Values  of  “D”  in  feet 

0 

10 

20 

30 

40 

50 

60 

70 

80 

2,300 

4'  0" 

4'  2" 

4'  4" 

4'  6" 

4 8" 

4 10" 

5'  0" 

6'  2" 

5'  4" 

6,600 

4'  0" 

4'  2 ' 

4'  4" 

4'  6" 

4'  8" 

4 10" 

5'  0" 

5'  2" 

5'  4" 

13„200 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

22,000 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

6 0" 

6'  0" 

6'  0" 

44,000 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

6'  0" 

66,000 

6'  7" 

6'  9" 

6'  11" 

7'  1" 

7'  3" 

7'  5" 

7'  7" 

7'  9" 

7'  11" 

110,000 

ir  0" 

11'  2" 

11'  4" 

11'  6" 

11'  8" 

ir  10" 

12'  0" 

12'  2" 

12'  4" 

Clearances  for  various  Values  of  “D”  in  feet 

Voltage 

of 

• 

Circuit 

90 

100 

150 

200 

250 

300 

350 

400 

450 

2,300 

5'  6" 

5'  8" 

6'  6" 

7'  4" 

8'  2" 

9'  0" 

9'  10" 

10'  8" 

IV  6" 

6,600 

5'  6" 

5'  8" 

6'  6" 

7'  4" 

8'  2" 

9'  0" 

9'  10" 

10'  8" 

11'  6" 

13,200 

6'  0" 

6'  0" 

6'  6" 

7'  4" 

8'  2" 

9'  0" 

9'  10" 

10'  8" 

11'  6" 

22,000 

6'  0" 

6'  0" 

6'  6" 

7'  4" 

8'  2" 

9'  0" 

9'  10" 

10'  8" 

11'  6" 

44,000 

6'  0" 

6'  1" 

6'  11" 

7'  9" 

8'  7" 

9'  5" 

10'  3" 

11'  1" 

11'  11" 

66,000 

8'  1" 

8'  3" 

9'  1" 

9'  1" 

10"  9' 

11'  7" 

12'  5" 

13'  3" 

14'  1" 

110,000 

12'  6" 

12'  8" 

13'  6" 

14'  4" 

15'  2" 

16'  0" 

16'  10" 

17'  8" 

18'  6" 

Voltage 

Clearances  for  various  Va 

ues  of  “D”  in  feet 

of 

Circuit 

500 

550 

COO 

650 

700 

750 

800 

900 

1000 

2,300 

12'  4" 

13'  2" 

14'  0" 

14'  10" 

15'  8" 

16'  6 

17'  4" 

19'  0" 

20'  8" 

6,600 

12'  4" 

13'  2" 

14'  0" 

14'  10" 

15'  8" 

16'  6" 

17'  4" 

19'  0" 

20'  8" 

13,200 

12'  4" 

13'  2" 

14'  0" 

14'  10" 

15'  8" 

16'  6" 

17'  4" 

19'  0" 

20'  8" 

22,000 

12'  4" 

13'  2" 

14'  0" 

14'  10" 

15'  8" 

16'  6" 

17'  4" 

19'  0" 

20'  8" 

44,000 

12'  9" 

13'  7" 

14'  5" 

15'  3" 

16'  1" 

16'  11" 

17'  9" 

IS'  5" 

21'  1" 

66,000 

14'  11" 

15'  9" 

16'  7" 

17'  5" 

18'  3" 

19'  1" 

19'  11" 

21'  7" 

23'  3" 

110,000 

19'  4" 

20'  2" 

21'  0" 

21'  10" 

22'  8" 

23'  6" 

24'  4 " 

26'  0 ' 

27'  8" 

Minimum  Vertical  Clearances. 
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Minimum  Clearances. 

Paragraphs  31 i and  613. 

Between  Any  Power  Conductor  or  Live  Hardware,  and  Any 
Portion  of  the  Supporting  Structure. 

(Insulator  Pins  Not  Included). 


Voltage. 

Clearance. 

2,300 

3.00  inches 

6,600 

3.00  inches 

13,200 

4.55  inches 

22,000 

6.75  inches 

44,000 

12.25  inches 

66,000 

17.75  inches 

110,000 

28.75  inches 

Minimum  Clearances. 

(Under  Normal  Conditions). 

Paragraphs  309  and  61 1. 

Between  Conductors  of  One  Line  and  Guy  Wires  of  Another 

Line. 


Voltage. 

2,300 

4 

Clearance. 

feet 

6,600 

4 

feet 

13,200 

4 

feet 

22,000 

4 

feet 

44,000 

4 

feet  5 inches 

66,000 

6 

feet  7 inches 

110,000 

11 

feet 

Minimum  Separation.  (In  Any  Direction  at  the  Point  of  Support.)  Paragraphs  310  and  612.  For  Power  Conductors 
Carrying  a Difference  of  Potential.  NOTE — The  separations  are  given  for  various  voltages,  spans  and  sags. 

MINIMUM  SEPARATION  OF  CONDUCTORS  SUPPORTED  ON  PIN  TYPE  INSULATORS 
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APPENDIX  L 

ALLOWABLE  NUMBER  OF  No.  4 SOLID  COPPER,  TRIPLE 
BRAIDED,  WEATHER-PROOF  WIRES  TO  BE  CARRIED  BY 
CHESTNUT  POLES. 

Conforming  to  Specifications  given  in  Appendix  “B.” 

Loading — i inch  Ice. 

4 Lbs.  per  Sq.  Ft.  Wind  Pressure. 

Allowable  Unit  Fiber  Stress — 2500  Lbs.  per  Sq.  In. 

NOTE: — “Special”  pole  is  a Class  “A”  pole;  5 feet  longer  than  the 
specified  length,  cut  off  5 feet  at  the  top.  The  use  of  6-pin 
cross-arms  is  assumed  unless  otherwise  indicated. 

THIS  TABLE  FOR  USE  WITH  SECTION  II  ONLY. 
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(Table  continued  On  page  163). 


Sec.  IX. 


168 


APPENDIX  L— Page  a. 


LENGTH  OF  POLE 
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ALLOWABLE  NUMBER  OF  WIRES 
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APPENDIX  L— Page  3. 

ALLOWABLE  NUMBER  OF  No.  4 SOLID  COPPER,  TRIPLE 
BRAIDED,  WEATHER-PROOF  WIRES  TO  BE  CARRIED  BY 
WESTERN  CEDAR  POLES. 

Conforming  to  Specifications  given  in  Appendix  “B.” 

Loading — J inch  Ice. 

4 Lbs.  per  Sq.  Ft.  Wind  Pressure. 

Allowable  Unit  Fiber  Stress — 2600  Lbs.  per  Sq.  In. 

NOTE; — “Special”  pole  is  a Class  “A”  pole;  5 feet  longer  than  the 
specified  length,  cut  off  5 feet  at  the  top.  The  use  of  6-pin 
cross-arms  is  assumed  unless  otherwise  indicated. 

THIS  TABLE  FOR  USE  WITH  SECTION  II  ONLY. 
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ALLOWABLE  NUMBER  OF  WIRES 
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tEequlres  8- pin  cross-arms.  (Table  continued  on  page  170). 
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LENGTH  OF  POLE 

Length  of  Span. 

ALLOWABLE  NUMBER  OF 

WIRES 
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ALLOWABLE  NUMBER  OF  No.  4 SOLID  COPPER,  TRIPLE 
BRAIDED,  WEATHER-PROOF  WIRES  TO  BE  CARRIED  BY 
EASTERN  WHITE  CEDAR  POLES. 

Conforming  to  Specifications  given  in  Appendix  “B.” 

Loading — i inch  Ice. 

4 Lbs.  per  Sq.  Ft.  Wind  Pressure. 

Allowable  Unit  Fiber  Stress — 1500  Lbs.  per  Sq.  In. 

NOTE: — “Special”  pole  is  a Class  “A”  pole;  5 feet  longer  than  the 
specified  length,  cut  off  5 feet  at  the  top.  The  use  of  6-pin 
cross-arms  is  assumed  unless  otherwise  indicated. 

THIS  TABLE  FOR  USE  WITH'SECTION  II  ONLY. 


ALLOWABLE  NUMBER  OF  WIRES 
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tRequIres  8-pln  cross-arms.  (Table  continued  on  page  173.) 
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